OF MICHIGAN 


Ue 2h i 
2 cm Adem > 


NATURE 


0A Weekly Journal of Science < 

















il, 183, No. 4664 SATURDAY, MARCH 21, 1959 


Britain’s leading 


designers of 


precision-built 
microscopes 


METRON WORKS - PURLEY WAY 
CROYDON 3845-8 





ccexxiv NATURE March 2], 1959 


ee 





r TY i mail TRY LO I abrication ee Hasier Plant Maintenance 


EDWARDS 


Demountable VACUUM 
PLUMBING DEViICcEs 


@ “O” RING RUBBER 
SEALS 


@ SCREWED UNIONS 
@ FLANGED JOINTS 


@ FLEXIBLE 
COUPLINGS 


@ BONDED SEALS 
@ ROTARY SEALS Send for Fully Illustrated Literature 


For better vacypm service... 


EDWARDS WiGh) VACUUM o 


MANOR ROYAL - CRAWLEY - SUSSEX CRAWLEY 1500 (10 LINES) EDCOHIVAC CRAWLEY 











take the step to 


ONE COMPLETE SOURCE FOR ALL 
YOUR RESEARCH BIOCHEMICALS NEEDS 


e@ Over 300 AMINO ACIDS @ BIOLOGICAL SALT MIXTURES 
e@ Over 90 PEePTipes e@ BioLogicaL TEST MATERIALS 
e@ More THAN 200 NUCLEOPROTEINS, e Pepripes 
Purines, PYRIMIDINES @ CARBOHYDRATES 
@ MISCELLANEOUS BIOCHEMICALS e@ PURIFIED PROTEINS 
e@ VITAMINS e Fatry AcIps 
e@ ENZYMES @ CRYSTALLINE @ PURIFIED e@ ANTIBIOTICS 
e@ GrowTH Factors e@ ALKALOIDS 
e@ STeRoIp HORMONES @ GLANDULAR SUBSTANCES 


Three days after your order is received it will be delivered in most parts of Europe 


‘ NUTRITIONAL BIOCHEMICALS CORPORATION 
21010 MILES AVE. ¢ CLEVELAND 28, OHIO My tem 


Write Dept. 108 





NATURE 


No. 4664 SATURDAY, MARCH 21, 1959 


CONTENTS 


ScreNTIFIC CO-OPERATION IN THE COMMONWEALTH 


TRENDS IN GERONTOLOGY. By Prof. P. L. Krohn 

An INTRODUCTION TO ELECTRONIC THEORY. By Dr. R. I. — 

Economics OF TELECOMMUNICATION. By Prof. Colin Cherry 

PROGRESS IN VITAMIN AND Hormone ResearcH. By Prof. F. G. 
Young, F.R.S. 

BIocHEMICAL ANALYSIS. By Dr. I. D. ¥. ‘Wootton 

ScIENCE AND TECHNOLOGY OF RUBBER. By Dr. W. J. 5S. Nanntiih 

To View or Not to VIEw ? 


Non-FLAGELLAR APPENDAGES OF BacTEeriA. By Dr. Charles C. Brinton, jun. 
THE REFINING OF URANIUM IN THE UNITED Kinepom. By D. P. Hamilton . 


OBITUARIES : 
Pror. F. J. Corz, F.R.S. By Prof. Chas. H. O’Donoghue . 
Dr. Kart Jorpan, F.R.S. By N. D. Riley, C.B.E. 
Dr. J. Travis Jenkins, O.B.E. By Colin Matheson . 
Mrs. E. W. Sexton. By Dr. F. 8S. Russell, C.B.E., F.R.S. 


NeEws AND VIEWS. 


VEGETATION OF THE Humip Tropics. By Dr. E. J. H. Corner, F.R.S. 

PRECIPITATION IN ALLOYS. By Dr. J. Nutting 

Fuet Researcu. By Prof. R. J. Sarjant, O.B.E. 

Tue MerropotiraN WATER Boarp. By Dr. B. A. Southgate, CBE. 

Yretp oF INFECTIVE ‘RrBonucLEIC AcrD’ FRoM ImpuRE Murray VALLEY 
ENCEPHALITIS VIRUS AFTER DIFFERENT TREATMENTS. By G. L. Ada and 
S. G. ANDERSON . 


CHROMOSOME Maps OF Secdbhadenyped By Prof. Carl ©. Slide, Siatieiis 
Lindegren, Ernest E. Shult and Sharon Desborough 


DirFERENTIAL DIsTRIBUTION OF RADIOACTIVE STRONTIUM AND YTTRIUM IN 
THE TIsSUES OF THE RaBBit’s Eye. By R. H. Mole, Antoinette Pirie 


and Janet M. Vaughan ; ° : ‘ ‘ . : . 802 


A CHEMICAL BASIS FOR THE CLASSIFICATION OF cthakie CoLouR IN NIGERIAN 
CuLtivaTeD SorcHuMs. By W. R. Stanton, T. B. Miller and D. L. Curtis 807 


(Continued overleaf) 





ccexxxiv NATURE March 2], 1959 


ns 

















The Unicam SP.500 Ultraviolet and Visible 
Spectrophotometer is now fitted with a high grade 
silica prism which extends the useful working range 
of the instrument beyond 200 my to the region of 
atmospheric absorption at 186 mu. 

Better prism transmission gives the important 
advantage of reduced slit widths with a consequent 
reduction in stray light and increase in resolution, 

a facility which is especially valuable in the 

190-240 my. region. 

A redesigned slit mechanism, in which static friction 
is virtually eliminated, allows the lowest slit widths 
to be accurately set and reproduced. Combined with 
the better transmission of the new prism, this 
feature greatly increases the scope of the instrument 
for high resolution determinations at the lower 

end of the spectral range. 
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SCIENTIFIC CO-OPERATION 


HE U.S. National Academy of Science has under- 
taken, at the request of International Co-opera- 
tion Administration, a study of the way in which the 
latter can most effectively use science and technology 
intechnical assistance programmes in Africa south of 
the Sahara and north of the Union of South Africa. 
The broadening basis of co-operation is a theme of the 
latest annual report of the Rockefeller Foundation, and 
the increasing interest of the United States in scientific 
and technical work in Africa and in other relatively 
under-developed parts of the world has already been 
welcomed by Lord Hailsham. Quite apart from the 
Anglo-American agreement in the autumn of 1957 
on scientific and technical co-operation, especially in 
defence, the general shortage of trained man-power 
has given scientific and technical co-operation to-day 
an importance even greater than it possessed before 
the Second World War. This is only partly due to 
the development of the technical assistance pro- 
grammes both under the Colombo Plan and under 
the United Nations. It arises from the growing 
scale, complexity and costliness of scientific and 
technological research and from the growth, during 
and after that War, of obstacles to the interchange 
of knowledge and to the free discussion of scientific 
and technical work, as a result of political differences 
orreal or imaginary considerations of national security. 
Free movement of scientists and technologists from 
one country to another, both within and outside the 
British Commonwealth of Nations, has never been 
more desirable, both from the point of view of 
scientific and technical advance and from its con- 
tribution to international understanding and good- 
will. Again, the free exchange of knowledge is 
increasingly essential from the economic point of 
view, while the recent international conference on 
scientific information at Washington indicated the 
impracticability of dealing with the immense volume 
of advancing knowledge except on a basis of inter- 
national co-operation. Only international co-operation 
‘an enable mankind to reap the full benefits which 
auclear power, radar, jet propulsion, radio astronomy 
and other advances have placed within our reach. 
The address on scientific co-operation within the 
British Commonwealth which H.R.H. the Duke of 
Edinburgh delivered in Karachi on February 7 at 
the annual meeting of the Pakistan Association for 
the Advancement of Science (see Nature of February 
lf, p. 425) is thus particularly appropriate, for it is 
fom such co-operation that any wider scientific 
‘0-operation of the United Kingdom should start. 
Following a lucid summary of the development of 
Scientific co-operation within the Commonwealth, 
the Duke affirmed his conviction that the whole 
Commonwealth would benefit greatly from a larger 
movement of scientists, whether as students, research 
workers, teachers, or members of scientific expedi- 
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tions, and he was concerned about how this could be 
encouraged in practice. Rightly he emphasized ‘at 
the outset that informal co-operation arising out of 
personal and informal contacts between individual 
scientists is of supreme importance and even in 
volume probably exceeds organized co-operation. 

That point needs to be kept in mind before pro- 
posing a new or elaborate organization for co-opera- 
tion. The first essential is to secure the conditions 
which permit and encourage mobility and interchange 
in general, to remove the obstacles to personal 
contact, to free discussion and to the communication 
of ideas and knowledge. If the political and financial 
conditions are appropriate, even informal effort will 
go far to secure what is essential, and one important 
outcome of the new programme of Commonwealth 
scholarships and fellowships adopted in principle at 
the Montreal Commonwealth Trade and Economic 
Conference last September should be to foster such 
mobility ; though it will be recalled that the con- 
ference which this year is to formulate the programme 
is also to review existing arrangements for co-opera- 
tion between Commonwealth countries in the field of 
education generally. 

The Duke of Edinburgh pointed out that the’ 
present pattern of scientific co-operation within the 
Commonwealth has five aspects: the regular dis- 
cussion of general scientific problems and of problems 
particular to the Commonwealth ; the discussion of 
problems of -the administration of science and 
research ; the regular exchange of scientific informa- 
tion; the movement of scientists; and technical 
help and advice. The last is particularly fostered 
under the Colombo Plan, the Scientific Council for 
Africa South of the Sahara, the Technical Assistance 
Administration of the United Nations, the expanded 
programme of technical assistance, as well as thé 
‘Point Four’ programme of the United States. The 
Colonial research reports give some idea of the 
amount of scientific co-operation that already takes 
place within the British Commonwealth. The latest 
report on the Colombo Plan for co-operative econ- 
omic development in south and south-east Asia gives 
an impressive picture of the Commonwealth effort in 
technical assistance in that area alone. Besides the 
£3-71 million and 317 experts provided by the 
United Kingdom under the Technical Co-operation 
Scheme from its inception up to June 30, 1958, 
Australia has provided £2-8 million and 284 experts 
as well as 2,286 training awards; Canada, 5-2 
million dollars, 126 experts and has trained 1,005 
Fellows and scholars ; while New Zealand has pro- 
vided £897,000, 89 experts and training for 549 
persons. India has provided training for 886 persons, 
while by the end of June 1958 member countries had 
contributed 6,952 scholarships and training awards. 
About half the total technical assistance expenditure 
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under the Colombo Plan has been devoted to study 
and training courses, and there is now a marked 
tendency towards more rapid development of tech- 
nical training facilities in the Colombo Plan area. 

The cumulative effect of these developments must 
be considerable, and there is to be added to it that 
of the United States’ own programmes of expanded 
aid, of the United Nations technical assistance pro- 
grammes and that specifically provided to the 
dependent territories under Colonial Development 
and Welfare Schemes. The Commonwealth scholar- 
ship scheme proposed at Montreal last September 
will in due course add to the flow, and there are also 
the activities of commercial firms as well as of the 
Rockefeller Foundation, the Nuffield Trust, the Ful- 
bright Programme, the British Council and the 
Marshall Aid Commemoration Scholarships. All 
these also encourage mobility, and the movement of 
students, scientists and technologists from one 
country to another. 

Probably the most important point is to encourage 
initiative and make it relatively easy for those who 
wish to do so to move from one country to another, 
widening their professional experience and exchanging 
ideas and techniques. Professional bodies have a 
contribution to make, as have the universities and 
other educational institutions, but a major respons- 
ibility must rest on the Governments even in respect 
of unorganized and private mobility. Primarily, 
Government policy will largely determine whether or 
not financial and other conditions, including pension 
schemes, are weighted so as to discourage the mobility 
which is as desirable professionally and from the 
point of view of science and technology as it is from 
that of international understanding. 

From this point of view the extension of the system 
of British Commonwealth scientific liaison officers 
suggested by the Duke of Edinburgh might be as 
useful as in relation to co-operation in research which 
he appeared to have primarily in mind, particularly 
if the system of scientific attachés were extended at 
the same time. Any increase in the effectiveness 
with which representations can be made to govern- 
ments about the conditions which determine the 
successful prosecution of scientific work are highly 
desirable. Too often, failure in Government circles, 
and frequently, too, at lower levels among officials, to 
appreciate these factors leads to waste of effort and 
frustration and can even defeat the whole purpose of 
policies intended to extend scientific or technical 
activities. The status given to such scientific attachés 
is important not simply from the point of view of 
attracting men of the appropriate ability but also 
from that of the weight likely to be attached to their 
advice and representations. 

The regular exchange of scientific information is a 
highly technical and complex problem on which the 
Duke did not touch and which was indeed not fully 
covered by the Washington Conference last Novem- 
ber. There can be little dissent to-day from the view 
that it is only at the international level that effective 
solutions are to be found to the problems which arise 


from the sheer volume of scientific and technical 
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information to-day. Even when all due weight js 
given to informal contacts as a means of exchanging 
information, the problem of communication ig g 
fundamental aspect of the joint attack on common 
problems which the Duke of Edinburgh would like 
to see and it is also an important part of the work of 
the Commonwealth Agricultural Bureaux—a system, 
he suggested, which might be extended to other 
technologies. How far this is likely to be served by 
wider membership of research associations and fuller 
co-operation between them within the Common. 
wealth may well be a matter for some careful con. 
sideration. There are difficulties which stem from 
political as well as economic considerations but which 
might disappear in a change of political climate. 
The context in which the Duke of Edinburgh 
discussed these problems was essentially that of 
promoting the speediest and most effective use of 
scientific knowledge for human welfare, primarily in 
the Commonwealth but equally throughout the world. 
The removal of any obstacles to human intercourse 
and the communication of knowledge is a first step, 
for without freedom of discussion and of publication 
there can be no effective co-operation. The people 
of the Commonwealth and of the world would indeed 
benefit by the freest possible movement of scientists, 
the unhampered exchange of scientific ideas and the 
removal so far as practicable of linguistic barriers. 
It is scarcely to be expected, however, that con- 
ditions for effective scientific co-operation will be 
created while obstacles are maintained to the ci 
culation of ideas and of people in other fields of 
human endeavour, and scientific and technical 
co-operation should not be treated as a field apart. 
For the same reason, this establishment of such 
conditions should, however, precede the extension of 
any formal system of conferences, whether in 
relation to the attack on scientific problems or the 
administration and organization of research. 
Science and technology depend largely on the funds 
placed at their service by the general body of citizens, 
and co-operation in these fields will only flourish when 
the essential conditions are sufficiently understood 
by Governments—and by the citizens who support 
them—to ensure that adequate funds are forthcoming 
and appropriate policies pursued. Co-operation in 
science and technology cannot, therefore, be divorced 
from consideration of educational issues, and measures 
directed to improve such co-operation, within ig 
outside the Commonwealth, must include police 
designed to raise the standard of general education 
accordingly. That is only in part, however, & matter 
of formal education. Much responsibility must rest 
on professional bodies, and on such bodies as the 
Parliamentary and Scientific Committee. Any 
attempt to improve the formal or informal framewors 
of co-operation must be accompanied by & determined 
effort to enlighten public opinion, both as to what is 
required and as to the numerous ancillary measut 
which will make all the difference between the succes 


of such aims and waste of public resources, frustrati! 
and even defeat of a calculated policy by sheer 


ignorance or neglect. 
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TRENDS IN GERONTOLOGY 


A Classified Bibliography of Gerontology and 
Geriatrics 
Supplement One, 1949-1955. By Nathan W. Shock. 
Pp. xxviii +525. (Stanford, Calif. : Stanford Univer- 
sity Press ; London : Oxford University Press, 1957.) 
120s. net. 
Experimentelle Alternsforschung 
Symposium der Europiéischen Abteilung des Biologi- 
gchen und Medizinischen Forschungskomitees der 
Internationalen Gerontologischen Gesellschaft, Basel, 
47 April, 1956. Herausgegeben von F. Verzar. 
(Experientia Supplementum 4.) Pp. 290. (Basel und 
Stuttgart: Birkhauser Verlag, 1956.) 34 Swiss 
francs; 34 D.M. 


Ciba Foundation Colloquia on Ageing 

Vol. 4: Water and Electrolyte Metabolism in 
Relation to Age and Sex. Edited by G. E. W. 
Wolstenholme and Maeve O’Connor. Pp. xii+327. 
(London: J. and A. Churchill, Ltd., 1958.) 45s. net. 


Trends in Gerontology 

By Nathan W. Shock. Second edition. Pp. viii +214. 
(Stanford, Calif.: Stanford University Press ; 
London : Oxford University Press, 1957.) 36s. net. 


HE varied size and contents of this mixed collec- 

tion of books make it difficult to review them in 
a connected fashion, but in their different ways the 
four books provide a general idea of what gerontolo- 
gists have done, what they are doing, and what they 
hope to do. 

There is not much to say about the Bibliography 
except to commend its completeness and accuracy 
(so far as I have been able to check) and to recommend 
it as @ source book to anyone who, whether he calls 
himself a gerontologist or not, wants to know what 
work has been done both in the scientific approach 
to the study of aging and in the medical and sociolo- 
gical care of the elderly. 

The next two volumes provide the material pre- 
sented at symposia held in Basle and at the Ciba 
Foundation. On the former occasion most of the well- 
known names in the field were gathered together, 
and their papers, on the whole, are summaries of 
their already recognized and accepted contributions 
to the subject, and of their usual lines of approach to 
the many-sided topic of the symposium. 

Among the 40 contributions (most of them in 
English or German, but some in French) there are 
descriptions of the age changes in various metabolic 
and organ systems to be found in a range of species, 
discussions of the psychological problems associated 
with aging, and several more directly geriatric 
contributions. Perhaps the most unfashionable topic 
to be discussed was the possibility that auto-intoxica- 
tion plays an important part in aging. It was 
refreshing , here, to find a contribution from someone 
(R. B. Fisher) not usually associated with gerontology, 
suggesting that the intake of amino-acids in the diet 
is often too high and that such dietary errors could be 
disadvantageous to longevity, as well as the paper 
02 more orthodox lines by Korenchevsky. 

The subject-matter of the Ciba symposium, the 
fourth in the series, was confined to water and 
electrolyte metabolism. On this occasion the con- 
wibutions by professional gerontologists were fewer, 
and the immediate relevance of some of the very 
excellent papers to gerontology rather more tenuous. 
One finds in the contents of the symposium more 
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an attempt to exemplify the proposition that the age 
of an organism is an important biological variable 
whick workers in any field must constantly bear in 
mind. By contrast, the topics discussed at the Basle 
symposium were more orthodoxly and recognizably 
gerontological. The Ciba volume gives the full 
transcript of the discussions which one has come to 
expect and to profit by. One gets a much clearer 
impression of a vital and interested meeting when one 
compares it with the much more scrappy transcript 
of the discussion in Basle. 

The last of the quartet is a second edition of the 
book first published in 1951. The changes and the 
extent of development in the subject in the past eight 
years are very evident when one compares the virtu- 
ally new chapters which Dr. Shock has had to write 
with the old ones. Dr. Shock confines his attention 
mainly to American experience and begins with a 
detailed statement of the economic and sociological 
facts—of age distribution of the population, employ- 
ment, income, health services—which make a better 
understanding of aging processes such a compelling 
need. Subsequent chapters provide short abstracts 
of the sorts of work in the field which are going on all 
over the world. The scope of these chapters has 
extended very considerably since the first edition, 
but the method of stringing together short abstracts 
of individual programmes of work leaves one with a 
sense of piecemeal approach to the problem rather 
than a concerted attack. 

There is so much change and new work in Dr. 
Shock’s book so far that it is all the more surprising 
to find that his last chapter on plans for the future, 
where he outlines his ideas of how research in geron- 
tology should be fostered, is unchanged. Dr. Shock 
proposes the setting up of a large-scale research 
institute, and details the way the proposal should 
be organized. His proposals do not really convince 
that this is the best way to foster the subject. The 
papers, at the Ciba symposium especially, reveal how 
frequently the parameter of age comes into all sorts 
of investigation and suggest that the advancement 
of gerontology as a reputable scientific subject now 
depends more on the interest that can be aroused 
among workers in all fields of biological study than 
on the provision of specialist institutes. 

P. L. Kroun 


AN INTRODUCTION TO 
ELECTRONIC THEORY 


Electronic Theories of Organic Chemistry 

An Introductory Treatment. By John William Baker. 
Pp. viii+224. (Oxford: Clarendon Press ; London : 
Oxford University Press, 1958.) 30s. net. 


HIS book, which is described as an introductory 

treatment to electronic theories of organic 
chemistry, is a welcome addition to the growing 
number of text-books now available in this field. The 
subject has become a well-established and indeed 
integral part of the teaching of organic chemistry, and 
it is opportune that a simple account should be 
available by an author who has made important 
contributions to it. The nomenclature and conven- 
tions follow those of the British school and more 
particularly of Sir Christopher Ingold and his collabora- 
tors, and the examples cited as well as the argument 
are drawn almost entirely from their work. This book 
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itself follows closely the arrangement of the larger 


work by Ingold, including some diagrams and 
tabulated matter from the latter’s book. 

The material included comprises all the basic 
considerations of reaction theory, the classification of 
reagents as nucleophilic or electrophilic, the molecu- 
larity of reactions and the nature of various classes of 
rearrangements. In addition, some of the physical 
evidence for the existence of electron displacements, 
as well as a qualitative description of the quantum 
theory of valency, is included. Each topic is carefully 
and concisely explained and accompanied with 
appropriate examples. The book is adequately 
indexed. 

Such criticisms as I have to offer are of a minor 
nature. As the author points out, Fig. 1, on p. 35, 
is not an adequate representation of an electronic 
charge-cloud. It is rather unfortunate, therefore, that 
some other device was not adopted the better to 
demonstrate the charge distribution ; particuarly in 
an introductory text-book such as this. Secondly, 
the evidence for the direct linking of the carbon— 
sulphur bond in bisulphite addition products may 
now be considered well established as a result of 
isotopic studies, Raman and ultra-violet spectra. This 
might have been made clearer in the discussion of 
these compounds (p. 121). 

The book is well produced, as may be expected of 
the Oxford University Press. The lettering and the 
diagrams are clear and well distributed. The text is, 
moreover, remarkably free from casual errors, the 
only one that I have noticed being a missing ‘h’ on 
p. 168. 

This book is to be recommended as an authoritative 
account of its subject-matter and one which will well 
repay an attentive study. The demands the book 
makes on a previous knowledge of structural organic 
chemistry may be a little severe for any but the 
most advanced sixth-form schoolboys, but should 
be within the capacity of the other readers for whom 
it is intended. R. I. REED 


ECONOMICS OF 
TELECOMMUNICATION 


Telecommunication Economics 


By T. J. Morgan. Pp. 452. (London: Macdcuald 
and Co. (Publishers), Ltd., 1958.) 50s. net. 


F the difference between ‘pure’ science and engin- 
eering could be expressed by a single word, that 
word would well be ‘economics’. Yet the amount of 
economics which enters into the basic training of 
most professional engineers is still very small. Of all 
branches of engineering, surely telecommunication 
is one of which the social, economic function is most 
apparent (the very word ‘communication’ means 
‘sharing’), for its primary function is to widen 
relationships between people, extend the speed of 
their actions, of their trade and business. But there 
are very few text-books of telecommunication suitable 
for students which even touch upon the economic 
aspects, and this thoroughly readable work will be 
very welcome. 

The author, Mr. T. J. Morgan, is a member of the 
planning staff of the Post Office, which well qualifies 
him to write this book, having extensive experience 
of large-scale planning, both in Britain and elsewhere. 
He recognizes the relative poverty of economic 
studies among engineers hy wisely starting his book 
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with an apology for attempting their enrichment 
continuing with an elementary account of the genera] 
principles of economics, and adding a chapter on the 
mathematics of statistics and probability. An ex. 
cellent bibliography provides a list of texts for 
further detailed reading in these fields, 

The influence of economic principles upon the 
planning and operation of large-scale telecommuniga. 
tion systems is gently introduced to the student, by 
first stressing that all engineering plant has a finite 
life and requires regular outlay for upkeep and opera. 
tion, in addition to initial capital cost, so dictating 
certain minimum utility, charges, justified develop. 
ment and additions, etc.; this material is well 
illustrated by examples and is extended to include 
considerations of forecasting of future needs. 

More sophisticated and specialized aspects are 
treated in detail, including the economics of manual 
and of automatic exchanges, of various types of 
transmission, of buildings and other ancillary struc. 
tures, of traffic routing and many others. 

The book is well indexed and provided with exten. 
sive references, with tables of data and illustrations. 
It will be welcomed by professional engineers and 
may well serve as a text-book for college students. 

CoLtn CHERRY 


PROGRESS IN VITAMIN AND 
HORMONE RESEARCH 


Vitamins and Hormones 

Advances in Research and Applications, Vol. 16. 
Edited by Prof. Robert 8. Harris, Prof. G. F. Marrian 
and Prof. Kenneth V. Thimann, Pp. xi +437. (New 
York: Academic Press, Inc.; London: Academic 
Books, Ltd., 1958.) 11.60 dollars. 


HIS book contains nine review articles, three 
of them dealing primarily with nutritional 
matters, five of them mainly concerned with hormonal 
affairs, and one, entitled “The Dependence of 
Gonadal Function upon Vitamins and _ other 
Nutritional Factors’, by C. Lutwak-Mann, with both. 
In this article Dr. Lutwak-Mann ranges widely and 
engagingly, discussing not only mammals but also 
birds, amphibians, fishes, marine invertebrates, and 
insects and trematodes. An article which extends its 
interest from the queen substance in honey-bees to the 
diet of Charles Dickens’s Oliver Twist cannot fail to 
stimulate. 
The discussion of ‘Nutritional Effects of Parasitic 
Infections and Disease’’, by Q. M. Geiman, is another 
interesting treatment of a subject ripe for review. 
Dr. E. E. Snell opens his article on ‘Chemical 
Structure in Relation to Biological Activities of 
Vitamin B,” by posing the general question of 
specificity of structure and function of physiologically 
important compounds, and referring to the fact that 
any alteration in the structure of pantothenic acid 
diminishes its vitamin activity although, so far as We 
now know, the functional portion of coenzyme Ais 
not present in the pantothenic acid part of the 
molecule. He then poses the arresting question : “Is 
the specificity in structure merely a developmen 
accident, a genetic fixation upon a useful compound 
that happened to be present when life first arose ° 
He examines in an authoritative manner such 
questions in relation to pyridoxamine, pyridoxal, 
and their chemical relations, substances in whieh, * 
he points out, a knowledge of the relationship © 
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structure to function is more extensive than for that 
of any other vitamin. : i 

The great interest at present shown in the origin 
of cardiovascular disease is illustrated by the review 
“Vitamins and Other Nutrients in Cardiovascular 
Disease”, by W. C. Felch, L. Sinisterra, T. B. Van 
Itallie, and F. J. Stare, and also by that on ‘““Hormonal 
Aspects of Coronary Artery Disease”, by M. F. 
Oliver and G. S. Boyd. ‘‘The Physiology of Secretin”’ 
is ably reviewed by M. I. Grossman, while the 
“Chemistry and Physiology of the Thyroid-stimulat- 
ing Hormone” is discussed by M. Sonenberg. In 
the chapter on “Glucagon”, by O. K. Behrens and 
W. W. Bromer, the biology and the chemistry of 
glucagon are succinctly surveyed, and the concluding 
atticle, entitled ‘‘Synthetic Derivatives of Cortical 
Hormones”, by J. Fried and A. Borman, includes a 
consideration of the synthesis and biological activities 
of eleven different types of artificially produced 
chemical relation of the naturally occurring adrenal 
cortical hormones. 

The book includes a cumulative index for Volumes 
11-15 of ‘‘Vitamins and Hormones’’, which is shorter 
and more compact than the two previous cumulative 
indexes, and adequate author and subject indexes 
for Volume 16. 

This volume should be of interest to biochemists, 
physiologists, to medical men, and to biologists in 
general, as well as to those whose interest is mainly in 
the chemistry of substances of biological importance. 
Without exception, the articles are authoritative and 
well written. F. G. Youne 


BIOCHEMICAL ANALYSIS 


Methods of Biochemical Analysis 

Jol. 6. Edited by Prof. David Glick. Pp. ix+358. 
(New York : Interscience Publishers, Inc. ; London : 
Interscience Publishers, Ltd., 1958.) 8.50 dollars. 


fo sixth volume of this valuable series contains 
ten contributions. The first two are concerned 
with the determination of nucleic acids; chemical 
means are dealt with by J. M. Webb and H. B. Levy, 
and microbiological assay methods by H. K. Miller. 
Both contributions describe a number of different 
methods and both sets of authors are confident that 
reliable results can be obtained when these methods 
are applied to suitable starting materials. However, 
there are warnings that care must be taken if either 
type of analysis is applied to material of a new type 
and it is suggested that a new material should initi- 
ally be analysed by at least two independent methods. 

Formaldehyde and serine estimations are described 
by W. R. Frisell and C. G. Mackenzie, and purine 
analysis by F. Bergmann and S. Dikstein, who 
— the relatively new mercury salt proce- 

lures. 

Serotonin and related compounds are considered by 
8. Udenfriend, H. Weissbach and B. B. Brodie, who 
include related indoles and also the preparation and 
assay of enzyme systems related to serotonin meta- 
bolism. They conclude with a short section on 
related drugs and also include an interesting account 
of spectrophotofluorimetric analysis. 

A determination which is now becoming of great 
clinical importance is transaminase, which is described 
by A. J. Aspen and A. Meister. A variety of pro- 
cedures are included, although the section is orientated 
more towards the classical analysis of enzymes in 
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tissue preparations rather than the rapid simple serum 
methods which to-day are used by many more 
laboratories. 

N. S. Radin contributes a section on glycolipide 
determination which has valuable sections on the 
extraction and handling of these compounds which 
may be unfamiliar to workers in other fields. He also 
describes details of the laboratory techniques which 
he has found advantageous, and these are applicable 
also to any type of work which involves the quantita- 
tive handling of small volumes of volatile organic 
solvents. 

The determination of thiamine by animal and micro- 
biological assay and by chemical methods, including 
the well-known thiochrome technique, is described 
by O. Mickelson and R. 8S. Yamamoto. A. Kolin 
describes his elegant techniques of electrophoresis 
combined with physical gradients and shows a number 
of examples of the separations he obtained. Finally, 
S. Gardell describes hexosamine determination. His 
contribution and the purine chapter are the only ones 
by non-American authors. 

The production and appearance of the volume are 
of the standard which we associate with Interscience 
Publishers. I. D. P. Woorron 


SCIENCE AND TECHNOLOGY 
OF RUBBER 


British Compounding Ingredients for Rubber 
Compiled by Brian J. Wilson. Pp. xx+528. (Cam- 
bridge : W. Heffer and Sons, Ltd., 1958. Published 
for the Research Association of British Rubber 
Manufacturers.) 60s. net. 


Rubber 

Fundamentals of Its Science and Technology. By 
Dr. Jean le Bras. Translated by Dr. Irene E. Berck. 
Pp. 464. (London: Crosby Lockwood and Son, 
Ltd., 1957.) 65s. net. 


Chemistry of Natural and Synthetic Rubbers 

By Prof. Harry L. Fisher. Pp. vii+208. (New York : 
Reinhold Publishing Corporation; London: Chap- 
man and Hall, Ltd., 1957.) 52s. net. 


WO of these three books have been written by 

& authors connected with national research organ- 
izations. The third has been written by an 
author well known for his contributions to rubber 
chemistry. 

The books of le Bras and Fisher are eminently 
readable and can be perused with pleasure even by 
those who have spent many years in the study of 
rubber. They are to rubber men what such a book as 
Lachmann’s “Spirit of Organic Chemistry” was to 
organic chemists of the past generation. 

Wilson’s book, however, is essentially a reference 
book similar to that published in France several years 
ago by Jacobs. It is limited to British products ; 
but this has not the restricting influence that one 
might at first expect since so many foreign producers 
have associated organizations within the British 
Commonwealth. This book has four main sections 
on compounding ingredients for natural and synthetic 
rubbers ; compounding ingredients, processing and 
modifying agents for natural and synthetic latices ; 
special-purpose products such as mculd lubricants, 
anti-tack agents, etc. ; and indexes of manufacturers 
and trade names. The book has been produced with 
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the thoroughness and reliability which one has come 
to expect from the Research Association of British 
Rubber Manufacturers. It is a book which no rubber 
manufacturer can afford to be without. 

“Rubber : Fundamentals of its Science and Tech- 
nology”, by le Bras, is a masterpiece of conciseness. 
It covers the whole field of rubber in less than 500 
pages. The diagrams are fascinating and carefully 
designed and with few exceptions explain the appara- 
tus or plant without the necessity of referring to the 
text. The first four chapters are particularly excellent, 
and reflect the author’s life-study of natural rubber. 
From its very size and coverage it is obviously not a 
reference book, and the limited references at the end 
of each chapter must be regarded as the personal 
selections of the author and not necessarily the most 
important. It can be recommended to students of 
rubber technology who have a basic knowledge of 
chemistry and who have already read the exhaustive 
treatises on particular fields as a ‘refresher’ before 
taking their examinations. 

“The Chemistry of Natural and Synthetic 
Rubbers”, by Fisher, covers, as can be judged from 
the title, a narrower field. It can bc recommended 
to those rubber technologists who already possess & 
sound knowledge of organic chemisi~y. Unlike the 
previous book by le Bras, the chapters on synthetic 
rubbers are more thorough than those on the natural 
product. The book is essentially descriptive, and 
where the author has dealt with the theory behind the 
facts it can be taken that the most modern views 
have been given ; for example, free radical mechanism 
is given as the basis of the attack on rubber by oxygen. 
In addition to its practical use to the young student 
of rubber technology, it is a book which can be read 
with pleasure by those to whom the facts contained 
in it are already known. 

W. J. S. Naunton 


TO VIEW OR NOT TO VIEW? 


Television and the Child 

An Empirical Study of the Effect of Television on the 
Young. By Hilde T. Himmelweit, A. N. Oppenheim 
and Pamela Vince. Pp. xix+522. (London: Oxford 
University Press, 1958. Published for the Nuffield 
Foundation.) 42s. net. 


HE widespread interest aroused by this report 

is easily understood. It is the first study of its 
kind to be conducted among English-speaking peoples 
and, indeed, probably in the world. Unlike so many 
other pronouncements about the effects of this 
popular new medium on children, it is truly a scientific 
survey conducted on a large enough scale to make its 
findings weighty and authoritative. It should, for 
example, cause many school medical officers to 
hesitate before they include in their annual reports 
pontifical and unsubstantiated judgments about the 
harmful effects of television on children’s eyes, posture 
and behaviour. 

The report is of value not only for the observations 
it makes but also for the deductions which may be 
made from them. Among the more cheering con- 
clusions is that children of healthy interests and 
appetites seldom become addicted to television and 
that there are comparatively few children who do. 
Nor do children view continuously from the time 
they get home from school until they go to bed. 
Most children view selectively and exercise a good 
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deal of discrimination ; working-class children do 
not view more continuously than those from the 
middle-classes. In general, television does not cause 
listlessness, loss of sleep, bad dreams, lack of concen. 
tration, or eye strain. Children are not made more 
passive or become more aggressive, or kept away 
from youth clubs by television. 

Against this are a number of conclusions which, 
on balance, suggest that television, as at present 
administered, has more harmful than beneficial 
influence on children. Most viewing by children js 
done up to 9 p.m. and, since the introduction of the 
second channel, is done by switching from channel to 
channel] to find their favourite programmes. These 
programmes often consist of plays or playlets which, 
while differing superficially, show much uniformity 
in the values and stereotypes which they present 
and have a slow but cumulative effect on the outlook 
of the child viewer. Since the world of television 
drama tends to be that of upper middle-class urban 
society, the occupations of people of this level are 
depicted as worth while, whereas manual work is pre- 
sented as uninteresting. Although television plays 
teach that self-confidence and toughness are needed 
to achieve success they also show that goodness of 
character is not enough ; that life is difficult, especi- 
ally for women; that marriages are frequently 
unhappy, and parent-child relationships often 
strained. Events rarely turn out satisfactorily, and 
virtue seldom brings happiness in its train. Violence 
is an inevitable part of life, and good people often 
resort to it. For the adult observer a hackneyed 
view of life emerges, similar in many ways to that 
offered in the cinema or theatre; for the child 
television may afford a glimpse of adult life which he 
would otherwise gain less often and only at a later 
age. What television can do is indicated by the 
conclusion that, probably as a result of B.B.C. 
programmes about foreign (and especially European) 
countries, viewers made fewer value judgments 
about foreigners ; where stereotypes were given, they 
tended to reflect those offered by television. 

All in all, the values of television can make an 
impact if they are consistently presented in dramatic 
form, and if they touch on ideas or values for which 
the child is emotionally ready. Extrapolating from 
these findings, one would expect that in crime and 
detective series the constant display of aggression by 
both the criminal and the upholder of the law would 
also make an impact on those children sensitized to 
such cues. 

The main recommendation made by Dr. Himmel- 
weit and her colleagues is that the B.B.C. and LT.A. 
must collaborate much more over the balance of 
programmes ; worthwhile programmes should go 
out on the air at the same time. They also recom- 
mend that producers should be supplied with more 
information about the effects of programmes on their 
audiences. Here the Granada Television Company 
should be commended for its initiative in sponsoring 
a fellowship at the University of Leeds to examine 
the impact of programmes on audiences. 

What the authors do not openly recommend is that 
before the Government authorizes the use of a third 
channel, the B.B.C. and I.T.A. should prove them- 
selves worthy trustees. The I.T.A. particularly 
would need clear direction and close supervision 
before it could be entrusted with a task which all its 
previous performance suggest it is unfitted to perform. 

Parents and teachers who read this report would do 
right to insist on substantial guarantees. 


VOL. 183 
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Gem Testing 
By B. W. Anderson. Sixth edition, revised and reset. 


Pp. 324. (London: Heywood and Co., Ltd., 1958.) 
42s. net. 

CENTURY ago the identification of gemstones 
A was the speciality of experts in the trade who, 
by long experience and from lore handed on from 
masters to apprentices, had learned to judge their 
gemstones by sight and touch with little beyond a 
jens and perhaps a file to help them. The use of simple 
scientific methods for determining density and the 
optical characters of gemstones as a means of identi- 
fication had long been advocated by a few enthusiasts 
but not generally adopted. It was not until the 
appearance on the market of synthetic rubies, sapphires 
and spinels that the scientific methods began to 
gain more general acceptance. New methods had 
to be devised to distinguish natural from synthetic 
stones and, later, to distinguish cultured pearls from 
natural ones. The London Chamber of Commerce 
set up a laboratory for testing diamonds, pearls 
and precious stones, the Gemmological Association 
of Great Britain was founded, and lecture courses 
on gemmological subjects were commenced. The 
author of this book is the head of the laboratory 
and for many years he has taught and examined for 
the Association. His book is the best on this subject, 
and in the sixth edition there is much that is new. 

The author is a strong advocate of the use of a 
direct-vision spectrometer for identification of gem- 
stones by their absorption spectra, and the chapter 
on this part of the subject has been largely re-arranged 
and illustrated. 

A neat method of comparing the refractive indices 
of a number of gemstones is described. It depends 
on observing, or photographing, the shadows the 
stones throw when immersed in a liquid with a 
refractive index near their own while illuminated 
from above. The use of a contact photograph and 
ultra-violet light can be made to show at a glance the 
difference betweeen natural and synthetic rubies,the 
latter being definitely more transparent to ultra- 
violet light. More use is being made of the study 
of inclusions in gemstones, a branch of the subject 
extensively studied by Dr. E. Giibelin of Berne. 
Many of his photomicrographs of inclusions are used 
in this book. 

These are only a few of the tests the author 
describes. W. CAMPBELL SMITH 


Behavior and Psychological Man 

Essays in Motivation and Learning. By Prof. 
Edward Chace Tolman. Pp. xiv+269. (Berkeley 
and Los Angeles: University of California Press ; 
london: Cambridge University Press, 1958.) 1.95 
dollars ; 17s. 6d. 


F | volume is a reprint of Tolman’s ‘‘Collected 
Papers in Psychology” first published in 1951 
and it includes a warm and appreciative foreword by 
his colleagues at the University of California. The 
papers have been chosen to indicate the successive 
stages in the development of Tolman’s theoretical 
system. 

Tolman’s contributions to psychological 
theory and experiment are equally outstanding. This 
will be granted without necessarily sharing his views. 
He is the exponent of ‘molar’ behaviourism, in con- 
ttast to the ‘molecular’ behaviourism of the school of 
Clatk Hull at Yale; and he has gone further than 
iy other behaviourist in trying to embrace within 


NATURE 


781 


his system essential features of Gestalt, psycho- 
analytic, and hormic theory in terms of operationally 
defined variables. 

The considerable achievements of Prof. Tolman 
mark a characteristic phase in the development of 
psychology. His experimental work, however, must 
be disentangled from its theoretical framework. The 
latter rests on a positivistic philosophy the validity 
of which is not self-evident. Indeed, it would seem 
that the behaviouristic positivism pursued by Prof. 
Tolman in the interests of scientific rigour has, in fact, 
been detrimental to the psychological ‘all-inclusive- 
ness’ to which his system aspires. JOHN COHEN 


The Excitable Cortex in Conscious Man 

By Dr. Wilder Penfield. (The Sherrington Lectures, 
5.) Pp. ix + 43. (Liverpool: Liverpool University 
Press, 1958.) 10s. 6d. net. 


HIS book presents a summarized version of the 

data which the author has accumulated from 
the responses to electrical stimulation of the cerebral 
cortex during operations on the human brain. It 
also elaborates the author’s hypothesis of a ‘centren- 
cephalic system’ within the brain, concerned with 
higher integrative processes. The sensations which 
patients describe when the visual, auditory or somatic 
sensory area of the cortex is stimulated, are discussed, 
together with the movements elicited by stimulation 
of the motor cortex. The effects of stimulation of the 
temporal lobe, particularly psychic responses, are 
dealt with in more detail and in relation to temporal 
lobe epilepsy. The author points out that the clinician 
must contribute to science “‘as best he can from very 
different material and as chance presents it’’. Cer- 
tainly he appears to have made good use of the 
material available to him in his long experience as a 
neurosurgeon. 

While the book contains little that is not available 
in the other writings of this author, it presents this 
material in a very acceptable form, well illustrated, 
and with clinical examples. It should be easily under- 
stood by those with little knowledge of neurology 
and to the student it provides a useful introduction 
to this field of research. P. B. BrapLEy 


Information Service in Libraries 
By D. J. Foskett. (Crosby Lockwood’s New Librar- 
ianship Series.) Pp. vii+142. (London: Crosby, 
Lockwood and Son, Ltd., 1958.) 13s. 6d. net. 

N this little volume Mr. D. J. Foskett presents a 

concise but thoroughly competent survey of the 
development of information service in libraries and 
the various aspects of that work to-day, as well as 
the qualifications demanded of those who carry such 
responsibilities. To anyone contemplating such a 
career he offers much sound advice, while to those 
already occupying posts as information officers or as 
librarians he indicates problems where further thought 
and much closer co-operation are needed. Mr. 
Foskett does not hesitate to express his own opinions 
or preferences ; but his point of view is always reason- 
ably argued and it is incidentally rather than by 
direct attack that he shows how trivial is the attempt 
to draw a division to-day between the librarian and 
the information officer or between the handling of 
scientific and technical literature or any other form 
of literature. The bibliographies appended to his 
several chapters are adequate and balanced, and this 
book should both provoke useful debate and help the 
beginner to master his profession. R. BriGHTMAN 
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NON-FLAGELLAR APPENDAGES OF BACTERIA 


By Dr. CHARLES C. BRINTON, sun. 


Laboratoire de Biophysique, Institut de Physique, Université de Genéve, 
and Department of Biophysics, University of Pittsburgh 


ACTERIAL pili (Latin, hair or fur) are recently 

discovered filiform appendages found growing 
from the surface of many different species of bacteria. 
They are thinner, straighter, and more numerous 
than flagella (Fig. 1) and have a uniform diameter 
of about 80-100 A. They are only visible in the 
electron microscope, and have been independently 
observed by several workers!*. The first detailed 
study of pili, by my colleagues and me*, demon- 
strated the existence of two distinct phases within 
one bacterial strain, piliated and non-piliated, dis- 
tinguishable from each other either in the electron 
microscope or by microscope electrophoresis, the 
electrophoretic mobility of the piliate cells being about 
half that of the non-piliate cells. Each phase could 
spontaneously change into the other at a rate of the 
order of 10-* per bacterium per division. The pili 
were fragile and could be removed almost entirely 
by mechanical agitation in a high-speed mixer 
(Fig. 2). The electrophoretic mobility of these 
depiliated bacteria was nearly the same as that of the 
non-piliate form ; but, in a few minutes, the mobility 
decreased to its original value, indicating re-growth 
of the pili. Cell-free filtrates of piliated bacteria could 
apparently inactivate the even-numbered 7'-phages. 
Maccacaro and Angelotti‘ investigated the distribu- 
tion of piliation in eleven strains of Escherichia coli 
K-12 having various combinations of genetic markers 
for fermentation, nutritional requirements, antibiotic 
resistance and bacteriophage re- 
sistance, and confirmed the 
existence of distinct piliate and 
non-piliate forms but observed 
no definite correlation between 
piliation and any of the above 
genetic markers. 

Duguid e¢ al.5® surveyed a large 
number of bacterial strains of dif- 
ferent genus and species for the 
presence of pili, and found pilia- 
tion in most strains of H. coli, 
Shigella flecneri, Salmonella, Klebsi- 
ella, Proteus, Chromobacterium pro- 
digiosum and Bacterium cloaceae. 
The ability to adhere to and 
agglutinate red blood cells was 
most often associated with pilia- 
tion, although a few piliate strains 
could not agglutinate and some 
non-piliate strains could. These 
authors also confirmed the phe- 
nomenon of spontaneous reversible 
change between the piliate and 
non-piliate phases. Gillies and 
Duguid? prepared high-titre anti- 
sera against piliate strains of Shig- 
ela flecnert which agglutinated them 
and also inhibited their hemagglut- 
inating activity. A cross-reaction 
with £. coli was demonstrated. 


Pili have been called by several different names: 
‘fine threads’!, ‘bristles’, ‘fimbrie’*-’, and ‘fila. 
ments”?-4.9, It is felt that the word ‘pilus’ is the most 
descriptive term, since the pili usually cover most of 
the bacterial surface and are continually growing out 
in a manner quite analogous to hair or fur. 

The present article is @ summary of results of 
investigations on the genetics, biological activity, 
chemistry, and electrophoresis of pili carried out 
during the past three years at the Biophysics Depart- 
ments of the University of Geneva and the University 
of Pittsburgh. This work will be published elsewhere 
in detail. 


Genetics 


Quantitative genetic analysis has been greatly 
facilitated by the discovery that the piliated phase of 
E. coli forms smaller and smoother colonies (Fig. 5) on 
solid media than the non-piliated form’. This 
distinctive colonial difference has been found to exist 
for all piliate strains of H. coli examined so far. 
Conversely, that a colony difference means a differ- 
ence in piliation, does not hold ; rough and smooth 
colonial forms of the same strain can exist in the 
absence of any piliation. A relative count of piliate 
and non-piliate forms was made on the same suspen- 
sion of E. coli B strain L(Z) by three independent 
methods : (a) electron microscope count of morpho- 


1. A piliated bacterium growing on a collodion membrane agin a matrient 7) Pe 
* eroidal surface material can be seen on or near the organism. in E. col 
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Fig. 2. Electronmicrograph of crude preparation of pili obtained 
bygshaking a culture of piliated bacteria andjJcentrifuging out 
the defilamented organisms 


logically piliate and non-piliate forms; (6) electro 
phoretic count of ‘fast’ and ‘slow’ organisms ; and (c) 
colony count of smooth and rough colonies. The 
averages of nine relative counts by each of the three 
methods were the same within an experimental error 
of 3per cent. All three methods clearly distinguish 
between two distinct forms: completely piliate 
(P+) or completely non-piliate (P-); if intermediate 
forms exist, they are rare. 14 of 19 strains of ZL. coli B 
and EF. coli K-12 were found to possess the potentiality 
for piliation. It is quite possible that the remaining 
5 strains also had this capacity, but that the P- 
phase was dominant under the cultural conditions of 
the survey (aerated tryptone at 37°). 

In order to obtain more basic, quantitative informa- 
tion, a single strain, E. coli B, L(H), was chosen for 
investigation because of its rich piliation (Fig. 1) and 


Fig. 3. Sample of pili taken from faster electrophoretic component 
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clean-cut difference between P+ and P- colonies 
(Fig. 5). A 99-9 per cent pure P+ culture was pre- 
pared by inoculating a single smooth colony into 
aerated tryptone and growing to 10* organisms/ml. 
at 37°. From this culture, parallel tubes at 37° were 
inoculated with an average of 0-3 organisms per tube, 
which guaranteed that most of the tubes which 
eventually showed growth started from one or two 
bacteria. The fraction of non-piliate organisms, f, 
was followed as a function of time in each tube showing 
growth, and typical results are plotted in Fig. 6. 
The bacterial concentration was maintained in the 
neighbourhood of 108 organisms/ml. by dilution. 


Fig. 4. Sample of spheroidal surface material taken from slower 
electrophoretic component 


The shapes of the curves in Fig. 6 can be explained 
by assuming that the rate of the P+ — P- ‘mutation’ 
(in the formal sense of a sudden, inheritable change 
having a constant probability per organism per 
division) is about 4 x 10-4 per bacterium per genera- 
tion, the reverse mutation-rate is negligible and the 
P+ phase has a generation time about 10 per cent 
greater than the P- phase. As soon as enough P- 
bacteria have arisen by mutation they rapidly take 
over the culture because of their higher growth-rate. 
The theoretical statistical distribution for the average 
number of mutants per culture in a series of parallel 
cultures has been derived by Armitage". For the 
case of no back mutation and unequal growth-rates 
of parent and mutant, equations 70 and 71 of Armi- 
tage may be used. The theoretical means of values 
of f, calculated assuming a mutation-rate of « = 
4-3 x 10-4 and generation times of tp) + = 32-2 min. 
and t) — = 29-0 min., is plotted as a function of 
number of generations in Fig. 6. These numerical 
values were assumed in order to fit the experimental 
data; however, the validity of this model is borne 
out by independent measurements of the mutation- 
rate and the growth-rates. 

The P+ — P- mutation-rate was determined by the 
‘zero-point’ method, which is independent of any 
selection due to differences in growth-rate. The 
entire contents of parallel P+ clones were plated out 
when the clones contained an average of about 1,000 
cells and the fraction of clones containing no P- 
colonies was determined. The mutation-rate as 
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Fig. 5. Colonies of Z. coli B-L(E) growing on nutrient agar. The 
larger, rougher colonies are the —— form (P-) and the 
smaller, smoother colonies are the piliated form (P+) 


given by the formula « = —In P/N, where « is 
probability of mutation per bacterium per division!*, 
P is fraction of clones having no mutants, N is 
average total number of cells in the clones, was 
3-8 x 10-*, which is in good agreement with the rate 
estimated from Fig. 6. The variance of the distribu- 
tion of numbers of P~- mutants in parallel clones is 
approximately equal to the theoretical variance 
calculated from equations 70-74 of Armitage", 
which were derived from the hypothesis of spontane- 
ous mutation. 

The mutation-rates at four different temperatures 
were determined by the zero-point method and are 
plotted in Fig. 7. For a 10-deg. rise in temperature, 
the mutation-rate decreases by a factor of 10. 

The generation times of the two pure phases in 
tryptone at 37° as determined by colony counts, and 
optical density measurements were found to be P+: 
30-5 min. and P~: 29-0 min. When pure P+ and 
P- cultures were mixed and grown at 37°, the fraction 
of P- organisms increased with the slope expected 
from the differential growth-rate. The relative 
growth-rate of the P+ and P— phases was also found 
to be dependent on temperature. In Fig. 8 the ratio 
of the P+ generation time to the P— generation time 
is seen to decrease with temperature, passing through 
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0:8 











Generations 


Fig. 6. The P+ — P~ mutation in aerated tryptone at 37°. Points 
for individual cultures are co: thin straight lines; the 
heavy smooth curve is the theoretical one calculated from 
Armitage’s equations (ref. 11) 
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1-0 at about 41°. When a mixture of P+ and p- 
cultures was grown at 42°, the fraction of P~ cells in 
the culture decreased as expected. 

The dependence of mutation-rate and _ relative 
growth-rate on temperature shown in Figs. 7 and 8 
formed the basis of methods for growing and main. 
taining pure P+ and P- cultures. Pure P+ cultures 
were obtained by plating out a mixed culture and 
incubating at > 41°, picking a single smooth colony, 
and inoculating into broth with incubation at > 41° 
Pure P~ cultures were obtained by inoculating a single 
rough colony and incubating at any temperature, 
since the P--—»> P+ mutation has not been observed 
in this strain. 

Strain L(Z) is somewhat anomalous in that the 
P+-»P- mutation is not readily reversible as in 
some other strains. Temperature effects on the stab- 
ility of P+ and P— forms have been observed in other 
strains. All genetic experiments were carried out in 
aerated tryptone ; mutation- and growth-rates may 
be different in other media. 
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Electrophoresis 


The electrophoretic mobility of piliate and non- 
piliate bacteria and of pili free in solution has been 
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Fig. 7. The P+ — P~ mutation-rate, a, as a function of incubation 


temperature. Open circles, experimental points ; solid circle, 
value of a used for plotting the theoretical curve of Fig. 6 
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Fig. 8. Relative generation time, tp+/tp-, of P+ and P~ bacteria 
as a function of temperature. Generation times were determined 
on pure or almost pure P+ or P~ cultures reed 
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determined as a function of pH and ionic strength. 
Over @ wide range of pH (6-11) and ionic strength 
(0-0003-0-1000) the mobility of free pili is the same 
as the mobility of piliated bacteria, demonstrating 
that the mobility of piliated cells is determined solely 
by the pili. This means that calculations of the 
average surface charge density cannot be made using 
the usual equation employed for bacteria and cells 
valid only for flat, smooth surfaces (xa > 100)". 
The radius of curvature used in the charge density 

uations must be at least as small as the 40-50 A. 
radius of the pili. 

The forms of the salt concentration—mobility curves 
for the P+ cells and the P- cells in acetate buffer 
are almost identical to the curves obtained by Moyer?* 
for smooth and rough strains of Z. coli and by Stearns 
and Roepke'* for smooth and rough strains of 
Brucellus abortus. In all three cases, the smooth- 
colony form had the lower mobility. 

When a culture of P+ bacteria is mechanically 
agitated in a high-speed mixer for 2 min. and the cells 
centrifuged out, @ suspension of free pili and ‘spheroi- 
dal surface material’ is left behind (Fig. 2). The free 
boundary electrophoresis pattern of this suspension 
shows two distinct, homogeneous peaks. When 
samples of each component were examined in the 
electron microscope, the leading boundary sample 
was almost pure pili (Fig. 3) and the trailing boundary 
sample was pure spheroidal surface material (Fig. 4). 
The spheroidal surface material in Fig. 4 appears 
somewhat degraded compared with that shown in Fig. 
2; this is possibly due to the high pH (pH = 10-3) 
used in this particular electrophoresis run. Free 
boundary electrophoresis provides a useful method 
for the separation of these two components, which is 
difficult by centrifugation or isoelectric precipitation. 
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Biological Activity 


The cell-free culture fluid of shaken P+ cultures of 
E. coli B-L(E) has at least three biological activities : 
agglutination of red blood cells, inactivation of 
certain bacterial viruses, and antibiotic activity 
against another strain of bacteria (colicine E activity)*. 
The identification of these three activities with the 
two morphological components has been investigated. 

Haemagglutinating activity was measured by the 
ability to cause visible aggregation in small glass tubes 
of 0-2 per cent chicken red blood cells. A cell-free 
culture fluid prepared from piliate bacteria and 
concentrated about 1,000 times by isoelectric precipi- 
tation gave a hemagglutination titre of 10,240; 
unconcentrated fluid gave a titre of 8. Pili from 
broth-grown P+ bacteria had about 30 times the 
hemagglutinating activity of pili from bacteria 
grown in synthetic medium (M9). An agglutination 
test of electrophoretically separated pili and spheroid- 
al surface material showed that all the activity was 
associated with the purified pili and none with the 
spheroidal surface matter. This is the first demon- 
stration of hemagglutinating activity associated with 
free pili; 0-5 ugm./ml. of this preparation was 
sufficient to give a positive test. Other convincing 
evidence that the pili themselves are the organs of 
hemagglutination rather than some other material 
produced by piliate organisms was obtained. Low 
concentrations (1 bacterium per blood cell) of pure 
P+ cultures wil hemagglutinate while very high 
concentrations (1,000 bacteria per blood cell) of pure 
P eultures will not!®. When the pili are removed 
from solution by centrifugation, isoelectric precipita- 
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tion, or ammonium sulphate precipitation, the 
hemagglutinating activity is also removed. 

Anti-viral activity*"* was measured by mixing 
cell-free culture fluid with bacteriophage 72 and 
assaying for phage as a function of time by the 
plaque count method. Unconcentrated cell-free 
culture fluids of both P+ and P- cultures showed the 
same activity (6 per cent survival after 60 min. at 37° 
of an initial phage concentration of 108/ml.), demon- 
strating independence of anti-viral activity and pili. 
The activity of electrophoretically separated samples 
showed most of the anti-viral activity to reside in the 
spheroidal surface material fraction and very little 
in the pili fraction. Electron microscopy of a mixture 
of phage 7'2 and cell-free P+ culture fluid shows the 
phage particles adsorbed to the spheroidal surface 
material and no apparent association of pili with the 
phage. The spheroidal surface material is only 
active against the even-numbered 7'-phages. 

Colicine activity was measured by adding a strain 
of EH. coli sensitive to killing by colicine Z (strain 
‘Rowley’) to various dilutions of cell-free culture 
filtrate and incubating for 30 min. at 37°, then plating 
on solid medium. The last dilution showing at least 
50 per cent inactivation of the indicator strain was 
taken as the colicine titre and was about 10‘ for both 
P+ and P- culture fluids. Removal of pili and 
spheroidal surface material by centrifugation left the 
colicine activity in the supernatant fluid. 

Thus, the above experiments are consistent with the 
view that pili are the organs of hemagglutination, 
spheroidal surface material is the antiviral agent, and 
colicine EZ is associated with neither. 

A possible correlation of piliation with fertility was 
investigated, but both F+ and F-— bacteria of one 
strain (£. coli K-12, W677) were piliated while 
neither F'+ nor F- bacteria of another strain 
(H. coli K-12, 58-161) were piliated. A strain of 
E. coli showing high frequency of recombination (Hfr 
of Hayes!’) was non-piliated. 

No non-flagellated strain of H. coli was ever motile 
although many were piliated. Piliation seems to 
occur quite independently of flagellation and motility. 
The pili of motile strains are usually much shorter 
than in non-motile strains, presumably due to fracture 
of the pili by bacterial motion. 


Chemistry 


Preliminary chemical analysis of partially purified 
pili suspensions indicate that pili contain at least 
some protein. Kjeldahl analysis showed 4-6 per cent 
nitrogen; xanthoproteic and biuret tests were 
strongly positive; the ninhydrin test was slightly 
positive before and strongly positive after prolonged 
acid hydrolysis. The ultra-violet absorption spec- 
trum has &@ maximum at 279 my and a minimum at 
252 my, which is typical for many proteins. Pili 
are precipitable by ammonium sulphate or acid. 

Pili seem to be quite stable. Morphologically, the 
pili of Z. colt B L(E)P are unaffected by long standing 
at pH 3-12 at room temperature or by heating to 
95° for 2 min. at pH 7 or 10. This is in agreement 
with the observations of Weibull® for Proteus pili 
and of Duguid e¢ al.® for pili of Shigella flexneri. 
Weibull found that pili of Proteus vulgaris were 
resistant to 1 N hydrochloric acid or sodium hydrox- 
ide, trypsin, pepsin, ribonuclease, or deoxyribo- 
nuclease as judged by appearance in the microscope. 
He also found that flagella from the same strain 
disintegrated at a low pH while the pili did not. In 
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the light of the resistance of pili to various protein 
denaturants it seems unlikely that they are pure 


proteins, 
Serology 
A pure rabbit antiserum against Z. coli B L(E) pili 


was prepared by several courses of injection of an 
electrophoretically separated pili suspension. This 
antiserum agglutinated a pure P+ culture after 1 hr. 
at room temperature at a dilution of 2,560 but did not 
agglutinate a pure P— culture even at a dilution of 2. 
This serum has not yet been tested for cross reactions. 

The growth of P+ and P~ colonies on agar plates is 
completely unaffected by the presence of anti-pili 
serum at an agglutination titre of 500. 

I wish to thank Dr. Edouard Kellenberger 
and Dr. Max A. Lauffer for constant advice and 
encouragement, and Mrs. Alice McGough for her com- 
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THE REFINING OF URANIUM IN THE UNITED KINGDOM 
By D. P. HAMILTON 


Chemist Training Officer, Springfields Works, U.K. Atomic Energy Authority 


N the Atomic Energy Act of 1946, the Prime 

Minister (then Mr. C. Attlee) announced the setting 
up of an organization within the Ministry of Supply 
to produce fissile material. Ten years later, as a 
result of the efforts of everyone in this completely 
new industry, which embraces every branch of 
science and engineering, Calder Hall, the world’s 
first nuclear power station, began generating elec- 
tricity for the national grid. The growth of the 
organization during the years between had been so 
rapid that in 1954, a separate body, the United 
Kingdom Atomic Energy Authority, was formed, a 
step made necessary because flexibility and speed of 
decision were required, and these would be obtained 
more easily from an organization set up on industria] 
rather than Civil Service lines. In addition, the 
creation of the Authority facilitated co-operation 
with all branches of industry, and as a result, the 
functions of the. Authority—“to cover the whole 
field of Atomic Energy and radioactive substances’”’ 
—could be rapidly and most economically developed. 

The success of the British atomic energy project 
depends entirely on the production of uranium in a 
highly refined state, and the Springfields Works of 
the Authority is thus in a position of prime importance 
in supplying the country’s requirements of natural 
uranium fuel elements for reactors such as those 
used at Calder Hall, Chapel Cross, and those shortly 
to be commissioned by the electricity generating 
boards, besides the fuel required for experimental 
nuclear reactors. During the past ten years, Spring- 
fields Works has produced almost one million fuel 
elements of varying kinds, and now, to meet the 
demands of the national nuclear power station pro- 
gramme—which envisages an installed generating 
sapacity of 5-6 thousand megawatts by 1966 from 
nuclear power stations, a new Springfields Works has 
been built to supply the fuel elements required by 
those stations. Those new Works were open recently 


to the Press and, as @ result, it is now possible to 
describe briefly the work which goes on there. 

Uranium ore arrives at the factory in sealed drums 
from various Commonwealth countries, in the form 
of uranium concentrates which have been prepared 
from low-grade uranium-bearing ores from Canada, 
South Africa and Australia, by leaching with sul- 
phuric acid in the presence of an oxidizing agent 
(such as manganese dioxide or sodium chlorate) at 
the mining site, producing a materia] which contains 
70-90 per cent uranium oxide. 

The ore concentrate on arrival at Springfields is 
tested for its uranium content before being tipped 
into large stainless steel dissolvers, where it under- 
goes a ‘stewing process’ with nitric acid to dissolve 
out the uranium (and other metallic elements)f a 
uranyl nitrate. This part of the process may be 
represented by the reaction ; 


U + 4HNO, -- UO,(NO,), + 2NO + 2H,0 


uranium nitric uranyl nitric steam 
ex. ore acid nitrate oxide 

The uranyl nitrate along with undissolved material 
is fed to the trough of a rotary filter. As the solution 
of uranyl nitrate is sucked through the specially 
prepared filtering surface of the horizontally rotating 
drum and discharged from the centre of the drum, 
the insoluble impurities collect on the surface and 
are removed by an advancing knife-edge. 

The filtered uranyl nitrate solution is freed from 
other dissolved matter by a solvent extraction pro- 
cess. Uranium has the property of selective solution 
in certain oxygenated organic solvents ; with tributyl 
Phosphate the uranyl nitrate forms a _complex, 
UO,(NO,)s.2(C,H,),;P0,, which is soluble in odour- 
less kerosene, the latter being used in admixture 
with the tributyl phosphate as a diluent. The 
kerosene—urany! nitrate—-tributyl] phosphate complex 
solution is mixed with a dilute nitric acid solution to 
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remove the impurities and the mixed phases of 
different specific gravities are then allowed to settle 
out into two layers. This ‘mixing-settling’ process 
continues in @ specially designed counter-current 
extractor so that removal of the uranyl nitrate from 
the aqueous phase and its transfer to the solvent 
hase may be made almost complete. From this 
extractor the solvent mixture emerges loaded with 
uranyl nitrate, and then enters a ‘similar type of 
extractor to meet a backwash of demineralized water. 
The result is a flow of pure uranyl nitrate in aqueous 
solution. ah ; : lid 
The purified uranium is precipitated from the 
aqueous solution as ammonium diuranate by the 
addition of ammonium hydroxide ; 
2U0.(NOs)2 + 6NH,OH — 
(NH,),U,0, + 4NH,NO,; + 3H,0 


water 
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ammonium 
nitrate 


ammonium ammonium 


uranyl 
x4 hydroxide diuranate 


nitrate 

The diuranate is then passed in batches through 
the ‘dryway process’, where it is converted to uranium 
etrafluoride in @ reacting vessel placed in an elec- 
trically heated furnace. The atmosphere inside the 
yesse] is changed at each of three stages of the pro- 
cogs. In the first stage the diuranate is calcined to 
drive off ammonia and steam, thus converting it to 
wanium trioxide ; 

(NH,),.U,0, —> 2U0, + 2NH, + H.O 
ammonium uranium ammonia steam 
diuranate trioxide 

During the second stage, hydrogen is admitted to 
the reacting vessel to reduce the trioxide to the 
dioxide : 


UO, + H,— UO, ae H,0 


uranium 
dioxide 
The third, and final, stage converts the dioxide to 
wanium tetrafluoride by means of hydrogen fluoride 
gas : 
UO, + 4HF — 


hydrogen 
fluoride 

This conversion process from uranyl nitrate to 
uranium tetrafluoride is also to be modernized and 
made continuous instead of batchwise by the intro- 
duction of fluidized bed techniques, and the plant 
for this is at present under construction. When it is 
complete, the uranyl nitrate solution will be con- 
centrated and then sprayed into the first of three 
linked reactors. The water will be removed and the 
nitrate decomposed to form uranium trioxide powder, 
which will be fluidized by an upward current of air 
and transferred to the second reactor. Here the 
fluidizing gas will be hydrogen, which will reduce the 
wanium trioxide to dioxide, and finally in the third 
reactor a stream of anhydrous hydrofluoric acid will 
complete the conversion to uranium tetrafluoride. 

It is from this tetrafluoride that the thermal 
metallic reduction occurs to give pure uranium 
metal. The choice of a reducixg metal is limited to 
calcium or magnesium, and at Springfields mag- 
nesium is used because it can be obtained in very 
pure form and also at a lower price than calcium, 
although there is the disadvantage that with mag- 
lésium the reaction must be carried out in a sealed 
reacting vessel, externally heated. 

The tetrafluoride is intimately mixed with mag- 
tesium turnings and fed into a pelleting press which 
“ects pellets of the mixture for delivery to the 


UF, 


uranium 
tetrafluoride 


+ 2H,0 
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reaction vessel. This is a long steel cylinder lined 
with graphite sleeves inside which the pellets are 
built up. The loaded reaction vessel is then placed 
in an electric furnace, where the reduction reaction 
occurs : 


UF, +2Mg—U + 2 MgF, 
magnesium fluoride 
(slag) 


Although a temperature of several hundred degrees 
is required to initiate the reaction, it is strongly 
exothermic and produces & high enough temperature 
in the crucible for the uranium to be formed in a 
molten state. : Its high density causes it to collect as 
a solid billet in the base of the vessel, with a slag of 
magnesium fluoride above it. 

On cooling, the vessel is dismantled and the slag 
and uranium billet removed. The latter is cleaned 
of adhering slag, sampled for chemical purity, and 
then passes from the purely chemical process to 
the metallurgical side of the process—the conversion 
of the pure uranium metal into a fuel element, 

The uranium billet is melted in a graphite crucible 
in an induction vacuum furnace from which the 
molten metal drops into a number of vertically 
arranged cylindrical moulds via a distributor plate. 
After cooling, the mould assembly is dismantled and 
the rods removed, each casting being kept separate. 
In order to bring the rods into a satisfactory metal- 
lurgical condition, that is, t0 minimize distortion or 
‘creep’ during irradiation in the pile, they now 
undergo two heat-treatment processes—quenching 
and annealing, the object of which is first to reduce 
the grain size of the uranium crystals and give them 
a random orientation, and then to release any stresses 
set up in the metal as a result of this operation. On 
completion of the heat treatment processes, the metal 
rods are machined on conventional types of lathes, 
checked for dimensional accuracy and rigorously 
inspected before being passed on for assembly into 
fuel elements. 

It is necessary to seal the uranium rod in a suit- 
able container to prevent escape of gaseous fission 
products into the pile coolant, to prevent possible 
reaction of the coolant with the uranium rod, and to 
restrict the deformation of the rod resulting from 
irradiation and repeated heating and cooling. 

The cans used at Springfields consist of helically 
finned open-end tubes made from magnesium alloy 
known as ‘Magnox’. These cans are made scrupu- 
lously clean by immersion in trichlorethylene, after 
whieh they undergo a comprehensive examination 
for possible errors in fabrication. Following this, one 
end is sealed by an argon-arc welding technique and 
the uranium rod is inserted into the can. The second 
end cap is then welded into position and the com~ 
pleted fuel element undergoes pressurizing in an 
autoclave to squeeze the can on to the rod to ensure 
good heat transfer from rod to can. The fuel element 
is then examined by X-rays in order to detect any 
flaws which may have arisen during the canning 
process, cleaned once more, a brace assembly fitted, 
end pieces attached, and finally inspected before 
dispatch for use in the nuclear reactor. 

In the short space of ten years, Springfields Works 
has built up an unrivalled team of personnel skilled 
in the techniques of refining uranium and fabricating 
fuel elements, and they are confident that the United 
Kingdom nuclear power programme, and the per- 
formance of British reactors abroad, rests on the 
firm foundation of a reliable fuel. 
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OBITUARIES 


Prof. F. J. Cole, F.R.S. 


Francois JosepH CoLe was born at Clapham in 
1872, and by his death on January 27, a week before 
his eighty-seventh birthday, British zoology lost an 
outstanding scholar. He was educated at Sir Walter 
St. Johns School, Battersea, where the only science 
subject he studied was physics. Reading Darwin’s 
“Vegetable Moulds and Earthworms” in his teens 
inspired him to keep and study these creatures, and 
his first three publications were notes on his observa- 
tions. He also started buying books, and E. B. 
Wilson’s classical memoir on the development of the 
earthworm made a deep impression on him by the 
accuracy of description, careful illustration and 
extensive bibliography. 

In 1892 he was assistant to Prof. J. Cossar Ewart 
in Edinburgh, and his experience while there played 
a significant part in shaping his subsequent career. 
He collaborated with Ewart in a paper on the cranial 
nerves of elasmobranchs, the forerunner of a series 
of publications on the cranial nerves of fishes which 
firmly established his reputation as an able com- 
parative anatomist and were recognized by the award 
of the Rolleston Prize by Oxford in 1902. These 
researches contributed to the establishment of the 
now generally accepted ‘component theory of the 
nervous system’ and they brought to his notice the 
works of the old masters of anatomy. 

In 1895 Cole went to Liverpool as lecturer under 
Prof. W. Herdman, continued his line of research, 
and with James Johnstone produced “‘Plewronectes’’, 
which still remains the longest of the well-known 
Liverpool Marine Biological Committee (L.M.B.C.) 
memoirs and shows clearly his noteworthy dexterity 
in dissecting and illustrating. A proposed memoir on 
the sea lamprey, Myzxine, became expanded into a 
detailed monograph and brought him into contact 
with Prof. G. B. Howes, whom he regarded as the 
most learned zoologist he had ever met and the main 
person to substantiate his interest in bibliography. 
The first part appeared in the Transactions of the 
Royal Society of Edinburgh in 1905 and was followed 
by five further parts which set a standard of meticulous 
accuracy that has not often been reached. As the 
result of the earlier parts of this and his other work, 
he received the Neill Gold Medal of the Society. 
While at Liverpool, arrangements were made for him 
to keep terms at Jesus College, Oxford, where he 
obtained his B.Sc., and later the University conferred 
on him the D.Sc. 

Cole went to what was then University College, 
Reading, in 1905 to found a Department of Zoology, 
and the following year was appointed to the chair, 
which he held until his retirement in 1939. He threw 
himself whole-heartedly into the task of building up 
the Department and, indeed, by his example and 
‘wise counsel played an appreciable part in the 
development of the young University. One of his 
first objects was to set up a museum, which from the 
beginning contained deliberately chosen specimens 
most carefully prepared and mounted and catalogued 
and written up in several volumes. It formed an 
Outstanding and widely admired feature of the 
Department and represented an enormous amount 
of hard work and thoughtful planning. He retained 


@ connexion with Liverpool, for he continued to take 
his senior students to Port Erin Biological Station 
and several of his students contributed important 
memoirs to the Liverpool Marine Biological Com. 
mittee series. In 1926 he was elected a Fellow of the 
Royal Society. 

His inquiring mind and interest in things historical 
turned Cole’s attention to the medieval architecture 
of the churches in the countryside around Reading 
and to the writing of an interesting analysis of the 
church of St. Mary, Cholsey. He now devoted more 
attention to the bibliography and history of com. 
parative anatomy and published a number of con- 
tributions on these subjects, including, in 1944, an 
important book on the “History of Comparative 
Anatomy : from Aristotle to the Eighteenth Century”. 
Always interested in books, he gathered a most 
remarkable and valuable library in his own field, 
which contains a number of very rare early works 
and is exceptionally complete. Indeed, the museum 
of his Department and his library were his much- 
loved and cared-for ‘scientific children’. His first 
contribution to Nature was in 1895, and then there 
was @ long gap; but readers will recall the series of 
articles and reviews since his retirement that gave 
some indication of his wide knowledge and sound 
judgment. His particular period was the Dutch 
microscopists of the seventeenth century, especially 
Leeuwenhoek. Just before and during this time he 
played a much appreciated part in the development 
of the newly instituted subject of history and 
philosophy of science in the University of London. 
For twenty-five years he served as external examiner 
and for a year less as member of the Board of 
Studies. 

He was a tall, impressive man who would have 
appeared somewhat forbidding if this were not con- 
tradicted by the twinkle in his eyes. Gifted with a 
most retentive memory and, in addition to his z0o- 
logical and bibliographical lore, a good knowledge of 
classical music and of the old masters of the Dutch 
and Flemish Schools, his conversation was well worth 
while, particularly as it was spiced with a quiet, dry 
humour. His teaching was always thorough and 
inspiring, and his students retained a great respect 
and affection for him. He will retain a warm place 
in their memories and in those of his colleagues. He 
is survived by a wife and a son, to whom we offer 
our sincere sympathy. Cuas. H. O'DONOGHUE 


Dr. Karl Jordan, F.R.S. 


Iv is not given to many men to cover a span of 
seventy years with worth-while contributions to any 
science. Karl Jordan’s first published work was an 
account of the lepidopterous fauna of Géttingen, 4 
university dissertation submitted on his doctorate. 
In the next three years he gave rein to his childhood 
passion for beetles by publishing numerous supple: 
ments to the list of beetles of Hildesheim, his home 
town, near which he was born on December 7, 1861. 
The seventh son of a small farmer, Heinrich Ernst 
Karl Jordan had many duties to perform, besides 
going to school ; but it was while going about these 
tasks that he had become interested in insects. He 
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often related that the Carabidae in particular fas- 
cinated him. It was not just because they varied so 
much in colour, nor was it the mechanism of this 
variation that attracted him; the great question 
was ‘why’ did they vary. It is this theme that runs 
like a thread through all his writings. 

At Géttingen he had been awarded the coveted 
Summa cum Laude in botany and zoology and after- 
wards obtained a diploma in teaching—a fact which 
his own daughters learnt later to appreciate. A year 
of voluntary military training was followed by 
appointments in the grammar school at Miinden and 
at the School of Agriculture at Hildesheim. In 1891 
he was able at last to marry the girl who had waited 
for him since both were in their ‘teens; their 
marriage could not have been happier. 

At the age of thirty-two, already with wide 
experience behind him, Jordan seemed set for a 
distinguished academic career. It was then that 
chance brought him in contact with Ernst Hartert, 
who had just been appointed by Walter (later Lord) 
Rothschild to be director of the Zoological Museum 
which he had formed at Tring—in two small cottages. 
Jordan’s first task on arrival at Tring was to reduce 
to order the immense but chaotic collection of beetles 
(the Lepidoptera were already in better shape) stored 
in various parts of Tring, without proper working 
conditions or even @ microscope. It was just what he 
wanted, a marvellous enforced exercise in the study 
of geographical variation, and any odd corner served 
asa bench. However, it soon became apparent that 
not even his devoted labours, carried far into the 
night, could cope with both the Coleoptera and the 
Lepidoptera at Tring, and before long the collection 
of the former was abandoned, except the Anthribiidae, 
a group of weevil-like beetles the complexity of which 
never ceased to fascinate Jordan, and on which alone 
he published more than eighty papers. 

Meanwhile, Walter Rothschild, who was deeply 
involved in a systematic revision of the swallow-tail 
butterflies of the Oriental Region, enlisted Jordan’s 
help. In a long introductory passage, Jordan (1895) 
proved himself some fifty years ahead of his time: he 
clearly appreciated the importance of populations 
as basic taxons, distinguished between individual, 
environmental and geographical variation, according 
the last firmly and precisely subspecific rank and 
applying a trinomial system of nomenclature ex- 
clusively to it. Here, too, he recognized the impor- 
tance of the type system. During the next ten or 
twelve years other similar monographs appeared, on 
the hawk-moths, on the American swallow-tails, on 
the genus Charaxes, on certain families of emperor 
moths. These impressive monographs were built 
soundly on the most painstaking attention to detail, 
whether concerned with morphological minutiz, 
distribution or bibliography ; all the essential evid- 
ence available at the time, and a very great deal of 
entirely new and original matter, were welded together 
concisely in masterly fashion. However, this 
systematic work was by no means an end in itself. 

Simultaneously, Jordan was publishing on pure 
morphology, on sense organs, on mimicry among 
butterflies and its significance for evolution, on geo- 
graphical variation in relation to evolution, on 
mechanical’ selection, and so on. Throughout his 
Writings there is the constant theme that experi- 
mental biology and systematics are interdependent ; 
neither can be complete, or even wholly dependable, 
— the other. The study of systematics was to 

mm ®& means for proving the truth of evolution, and, 


No. 4664 


NATURE 789 


as another writer has said, he “exerted an influence 
on the development of systematics and on evolu- 
tionary thought that cannot be over-estimated”. It 
is quite possible, however, that his unpublished 
influence was equally great, for no one could have 
been more generous than Jordan in the inspiring 
help he gave so freely to his innumerable correspon- 
dents in all parts of the world. 

At the age of seventy-four, Jordan made his first 
really ambitious collecting expedition, to South West 
Africa. When well over eighty, he remarked that it 
was time he started on his catalogue of fleas, a task 
he felt he owed to Charles Rothschild. The story of 
their fruitful co-operation has been told elsewhere ; 
it was left to Miriam Rothschild, one of his most 
ardent disciples and admirers, to undertake this task, 
with the help of the Trustees of the British Museum. 
On his ninety-fourth birthday the Royal Entomo- 
logical Society of London published a special volume 
in his honour, an event unique in its history and more 
significant an indication of the esteem in which he 
was held than anything these few words can convey. 
My own lasting impression is one of effervescent 
enthusiasm, intense interest in discovery and in the 
future, of the unexpected wit with which he would 
enliven a dull discussion, of his unfailing, unstinted 
help and kindliness, and of the fruitfulness of his 
long and happy life. He died on January 12, in his 
ninety-eighth year. N. D. Ritey 


Dr. J. Travis Jenkins, O.B.E. 


Dr. JAMES TRAVIS JENKINS died on January 12, 
at his home, Henbant Hall, Capel Dewi, Llandyssul, 
Cardiganshire. Born in 1876, the son of a school- 
master, he attended school first at Pontardawe, 
Glamorgan, and then at the Merchant Venturers’ 
School, Bristol. Afterwards he attended the Univer- 
sity Colleges of Aberystwyth and Cardiff, and in 
1897 graduated B.Sc. of the University of Wales. 
Only three years afterwards (1900) he was awarded 
the doctor of science degree of the University of 
Wales for a thesis on the anatomy of the oyster. 
His early preoccupation with marine zoology, and 
particularly with its economic aspects, was also 
shown in his work at Kiel, where a year or two later 
he was awarded a doctorate of philosophy. 

In 1904 Jenkins was appointed superintendent of 
the Lancashire and Western Sea Fisheries Joint 
Committee, and this post he held until his retirement 
in 1946, except for a short period during 1908-10, 
when he was seconded to the Bengal Government to 
investigate and organize the fisheries of the Bay of 
Bengal. On Indian fishes and fisheries he published 
a number of papers, some under the seal of the 
Bengal Government, others in the Records of the 
Indian Museum. He retained his interest in the 
subject in later years, and even so late as 1938 an 
article by him on “The Fisheries of Bengal—Can 
they be Developed and Improved ?” appeared in 
Current Science. 

As superintendent of the Lancashire and Western 
Sea Fisheries Joint Committee, Jenkins was respons- 
ible for a long series of quarterly reports dealing with 
the mussel, cockle and other fisheries of the Com- 
mittee’s district and with the various laws and 
regulations relating to these. In addition to his 
scientific qualifications, he was admitted a barrister 
of Gray’s Inn in 1910. He acted for many years as 
honorary secretary of the Association of Sea Fisheries 
Committees of England and Wales. His work for 
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the inshore fisheries was recognized by his appoint- 
ment as O.B.E. in 1941. 

He will be chiefly remembered for a series of books 
relating to fisheries and fishes: ““The Sea Fisheries”’ 
(1920); “A Textbook of Oceanography” (1921) ; 
“A History of the Whale Fisheries” (1921); “The 
Herring and the Herring Fisheries” (1927) ; “‘Whales 
and Modern Whaling’’ (1932); and, best known of 
all, ‘“‘The Fishes of the British Isles’’, the first edition 
of which appeared in 1925 and the second in 1936. 
He had always a keen interest in the historical and 
literary aspects of the fishing industries, and his last 
publication, issued in 1948 by the Society for the 
Bibliography of Natural History, was a compre- 
hensive “Bibliography of the Whale Fisheries’’. 

Jenkins was for many years a member of the 
Council of the National Museum of Wales. I recall 
with appreciation not only his many donations of 
specimens to the Zoology Department of the Museum 
but also his companionship both abroad and on 
collecting trips on board the Lancashire and Western 
Committee’s steamer, the 8.8. James Fletcher. 

Cottn MaTHESON 


Mrs. E. W. Sexton 


Tue death occurred on February 18, at the home 
of her son at Alfriston in Sussex, of Mrs. Alice Wilkins 
Sexton, at the age of ninety. Although without 
scientific academic training, Mrs. Sexton (known 


under her adopted initials of ‘E. W.’) became an 
authority of international repute on Crustacea, 
Living at Plymouth, where her husband was a 
dentist, she began to work at the Laboratory of the 
Marine Biological Association at the beginning of 
this century under the guidance of the late Dr. E. J. 
Allen, for whom she made beautiful drawings of 
polychetes. Later, she was appointed a member of 
the scientific staff of the Plymouth Laboratory. 

She was most noted for her systematic work on 
amphipods, and for the detailed study she made of 
the growth, moulting, intersexes and genetics of 
Gammarus. In the latter she concentrated especially 
on eye colour. The names of her species, Gammarus 
chevreuxt and G. zaddachi, are well known to bio- 
logists. All her publications were accompanied by 
examples of her meticulously careful and accurate 
drawings, which were at times astonishing in their 
detail. 

A woman of remarkable vitality, she had many 
interests, notably the cultivation of unusual plants 
from many countries. Until she had to leave Ply. 
mouth in 1957 owing to failing eyesight her hospitable 
home, with its many and varied treasures, had been 
open to a very wide circle of friends from Britain and 
elsewhere. 

Mrs. Sexton was a Fellow of the Linnean Society. 
She leaves a married son, Col. F. B. W. Sexton ; her 
daughter Mary, who was librarian at the Plymouth 
Laboratory, died in 1951. F. 8S. Russet. 


NEWS and VIEWS 


Pharmacology at Oxford: Prof. J. H. Burn, F.R.S. 


JosHuA Harotp Burn has been professor of 
pharmacology in Oxford since 1937. His restless 
energy has built the most active pharmacological 
department in the world. Many of his students have 
learned to do accurate expeviments and to write 
clear papers. He has attracted workers from many 
countries, who came to learn the techniques of which 
he is master. He is retiring at the age of sixty-seven, 
but shows no sign that his mind is less active than 
it was. He was educated at Barnard Castle School, 
University of Cambridge, and Guy’s Hospital, London. 
Like many others, he derived inspiration from H. H. 
Dale, with whom he worked before the First World 
War at the Wellcome Physiological Research Labor- 
atories, and then, after service in the Royal Engineers, 
in the National Institute for Medical Research. In 
1926 he became professor of pharmacology in the 
College of the Pharmaceutical Society and director of 
a laboratory which undertook the biological standard- 
ization of drugs on a large scale. He wrote a book 
which laid the foundations of accurate methods of 
assay, and he has written at least half a dozen other 
books on various aspects of pharmacology, and large 
numbers of scientific papers, lectures, reviews, editor- 
ials and reports of various kinds. He makes up his 
mind and puts his thoughts on paper without trouble 
or delay, and has provided a very potent stimulus to 
the development of pharmacology. His work has been 
concerned with all classes of drug, but has been 
especially important when he has used pharmaco- 
logical methods to solve physiological problems. 


Prof. W. D. M. Paton, F.R.S. 


Witu1AM DruMMOND MacponaLp Paton succeeds 
Burn as professor of pharmacology at Oxford. He 
was born in 1917 and educated at Repton School, the 
University of Oxford, and University College Hospital, 
London. He joined the staff of the National Institute 
for Medical Research in 1944. During his eight years 
there he made his name by two outstanding pieces 
of work. With F. C. MacIntosh he showed that 
various simple organic bases cause the release of 
histamine, which disappears from the tissues of 
animals. It has thus been possible to study not only 
the mechanisms of release, but also the effects of 
removing most of the histamine, which are sur- 
prisingly small. With E. Zaimis he discovered not 
only that small doses of deeamethonium cause neuro- 
muscular blockade by depolarizing the end plate, 
but also that hexamethonium blocks transmission 
through autonomic ganglia. The analysis of the 
mode of action of these drugs by these two workers 
became a model for such studies. Hexamethonium 
was the first drug shown to have a really powerful 
and specific action on peripheral autonomic ganglia. 
It has been invaluable as a research tool, but it § 
best known as the basis of the first really effective 
treatment for high blood pressure. This was @ maj 
advance in therapeutics and led to the award of the 
Cameron Prize to Paton and Zaimis in 1956. In 
1952 Paton went as reader to University College and 
in 1954 he was appointed to the newly founded 
chair of pharmacology at the Royal College of 
Surgeons. 
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Organic Chemistry at Birmingham : 
Prof. J. C. Tatlow 
As part of the large expansion programme of the 
Department of Chemistry at the University of 
Birmingham, a new chair of organic chemistry has 
been created. Dr. J. C. Tatlow, at present reader in 
organic chemistry in the Department, has been 
appointed to be the first holder of the chair. Dr. 
Tatlow entered the University of Birmingham in 
1940 to read chemistry with county major, State and 
Rugeley Grammar School scholarships. He was 
Burstall Prize-man in 1941 and Frankland Prize-man 
in 1943, when he gained his B.Sc. with first-class 
honours. He obtained the Brotherton Research 
Scholarship and was appointed to the staff of the 
Department of Chemistry in 1944 as leader of a 
research group engaged on fluorine and uranium 
chemistry. In 1946, after gaining his Ph.D., he was 
appointed scientific officer in the Ministry of Supply 
at the Chalk River Atomic Energy Establishment in 
Ontario. He returned to Birmingham in 1948, first 
as an Imperial Chemical Industries Fellow and later 
as lecturer in chemistry. Since that time he has led 
a large team engaged in the chemistry of organic 
compounds and is joint or senior author of some 
seventy original papers in that field. He was awarded 
his D.Sc. in 1954 and his Fellowship of the Royal 
Institute of Chemistry in 1955. He has for many 
years been a member of the Midlands Section of the 
Royal Institute and a local representative of the 
Chemical Society. He was appointed a member of 
the Council of the Chemical Society in 1957. He is 
playing @ prominent part in organizing the First 
International Congress on Fluorine Chemistry to be 
held in Birmingham in July next. He was appointed 
senior lecturer in chemistry at Birmingham in 1956 
and reader in organic chemistry in 1957. He has 
had wide teaching and organizing experience and is 
a member of the Pure Science Board of Examiners. 
He has played a major part with Prof. M. Stacey 
and Prof. J. C. Robb in the design and planning of 
the new chemistry buildings at Birmingham. 


Engineering Production at Birmingham « 
Prof. N. A. Dudley 


Dr. N. A. DupLEy, recently reader in engineering 
production and head of the Department of Engineer- 
ing Production in the University of Birmingham, 
has been appointed to the chair in that subject at 
Birmingham. Dr. Dudley was born in 1916 and 
educated at King’s Norton Grammar School and 
Birmingham Central Technical College. Before 
his appointment in 1945 as lecturer in production 
engineering and management at Burton-on-Trent 
Technical College, he was a production engineer in 
industry. In 1947, he became a member of the staff 
of Birmingham Central Technical College, and during 
1948-52 he was senior lecturer in the Department of 
Engineering Production at Wolverhampton and 
Staffordshire Technical College. He was then 
appointed lecturer in engineering production in the 
University of Birmingham and in 1956 was made 
reader and head of the Department of Engineering 
Production and also head of the Institute for Engineer- 
ing Production. 


Nuclear Science and Technology at the Royal Naval 
College, Greenwich : Prof. J. Edwards 


Mr. J. Epwarps, senior principal scientific officer 
and head of the Naval Section at the Atomic Energy 


Research Establishment, Harwell, has been seconded 
from the Royal Naval Scientific Service, and 
appointed to the new chair of nuclear science and 
technology, recently established at the Royal Naval 
College, Greenwich. During his four years at Har- 
well, Mr. Edwards was responsible for the extensive 
programme of experimental work which has been 
carried out by the Atomic Energy Research Estab- 
lishment and the naval scientists there and he has, 
therefore, a wide experience of reactor systems 
cooled and moderated with ordinary water, and the 
general problems involved in the small reactor plants 
likely to be suitable for mobile purposes. He has 
twice visited the United States in connexion with 
these developments and last year delivered a lecture 
on the prospect of nuclear propulsion to the Engineer- 
ing Section of the British Association in Glasgow. He 
was also one of the Admiralty delegates to the recent 
Geneva Conference on the Peaceful Applications of 
Nuclear Energy. Prof. Edwards served his engineer- 
ing apprenticeship in Chatham Dockyard and 
obtained a Whitworth Scholarship to the City and 
Guilds College of the University of London, where he 
took an honours degree in engineering. He has since 
served in a variety of Admiralty research establish- 
ments including the Torpedo Experimental Establish- 
ment, the Admiralty Engineering Laboratory, where 
he was concerned with detailed stress and vibration 
investigations and gas turbine analyses, and the 
Department of Engineering and Materials Research 
in charge of studies and experimental work on 
advanced propulsion systems. In 1953 he was 
appointed to the staff of the Commander-in-Chief, 
Home Fleet, as scientific advisor concerned with 
operational research problems, serving in this capacity 
for some fifteen months in both H.M.S. Vanguard 
and H.M.S. Tyne. He has also been concerned with 
tripartite negotiations leading to standardization in 
the shock and vibration field. 


Research Laboratory, British Museum : 
Dr. H. J. Plenderleith, C.B.E 


Dr. H. J. PLENDERLEITH has retired from the 
keepership of the Research Laboratory of the British 
Museum, Bloomsbury, to become the first director 
of the International Centre for the Study of the 
Conservation and Restoration of Cultural Property, 
in Rome. After distinguished service in the First 
World War, he joined the British Museum Laboratory 
under the late Dr. Alexander Scott, succeeding him 
in course of time as head of the Department. The 
Laboratory now has an international reputation, and 
its advice is sought over an extremely wide range of 
objects and their care. When the Honorary Scientific 
Advisory Committee of the National Gallery was 
formed in 1935, Dr. Plenderleith was one of its 
original members and was chairman during 1944-58, 
In 1936 he succeeded the late Prof. A. P. Laurie at 
the Royal Academy, retiring from the chair of 
chemistry there last year. During 1950-58 he served 
the International Institute for the Conservation of 
Museum Objects as its first honorary treasurer, and 
is now @ vice-president. The author of numerous 
publications and lectures, Dr. Plenderleith has col- 
lected the results of more than thirty years work in 
his book, “The Conservation of Antiquities and 
Works of Art”, published in 1956. There are few 
countries which Dr. Plenderleith has not visited, and 
he was a member of the van Meegeren Commission 
in 1947. He is now chairman of the Museums 
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Laboratories Committee of the International Council 
of Museums, which meets in Copenhagen this coming 
summer. In 1934 he was elected a Fellow of the 
Royal Society of Edinburgh, and in 1956 he received 
the honorary degree of LL.D. from his old University, 
St. Andrews. He brings high distinction, both 
scientific and administrative, to his new office. 


Dr. A. E. A. Werner 


Dr. A. E. A. WERNER, who succeeds Dr. H. J. 
Plenderleith as keeper of the Research Laboratory 
of the British Museum, Bloomsbury, was born in 
Dublin in 1911. He was educated at Trinity College, 
Dublin, and at the University of Freiburg-im- 
Breisgau, where he was awarded the degree of D.Phil. 
In 1937 he was appointed lecturer in organic chemistry 
in the University of Dublin, and in 1948 went to 
London as the first holder of the post of research 
chemist (senior scientific officer) in the Scientific 
Department of the National Gallery. In 1954 he 
transferred to the British Museum, as principal 
scientific officer. Dr. Werner has made a special 
study of the application of new synthetic materials 
to the conservation of works of art and is under- 
taking a detailed report upon adhesives to the 
Museums Laboratory Committee of the International 
Council of Museums, of which he is a member. For 
some years he has given valuable help to the Wall- 
Paintings Committee—a joint body set up by the 
Central Council for the Care of Churches, and the 
Society for the Protection of Ancient Buildings—to 
deal with the care of murals in Great Britain. In 
collaboration with J. S. Mills, he has made use of 
chromatographic techniques in the study of the 
natural resins. With his gift for languages and wide 
cultural interests, in addition to his scientific accom- 
plishments, Dr. Werner is assured of the best wishes 
of a wide circle of friends and colleagues, both in 
Britain and abroad, as he enters upon his new 
responsibilities. 


The Wykeham Chair of Logic at Oxford : 
Prof. H. H. Price 


In October, Prof. H. H. Price will be succeeded in 
the Wykeham chair of logic at Oxford by Prof. A. J. 
Ayer, at present Grote professor of the philosophy 
of mind and logic, University College, London. Prof. 
Price, who was appointed to the chair in 1935 from a 
fellowship in philosophy at Trinity College, Oxford, 
began his philosophical career as an admirer of 
Prichard, Cook Wilson’s most original and penetrating 
adherent. But in his first book, Perception” (1932), he 
expounded an essentially phenomenalist theory of 
perception, identifying material objects with families 
of sense-data, which was remote from Prichard’s 
views. It was, in fact, a uniquely thorough and 
coherent articulation of the ideas about perception 
that had been put forward, in a comparatively 
tentative and unfinished way, by Russell and Moore 
in the preceding decades. It remains a standard 
work on the subject. In 1940 he published ““Hume’s 
Theory of the External World”, not so much a 
commentary as a set of ingenious variations on the 
Humean theme that the conception of a material 
object is a construction out of sensory elements. 
Since 1945 Prof. Price’s main publications have been 
in the domain of philosophical logic. “Thinking and 
Representation’, his British Academy Lecture of 
1946, foreshadowed the full-scale study, “Thinking 
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and Experience” (1953), in which, among a great 
deal of careful and valuable analysis, the existence 
of imagery was resolutely defended against doubting 
linguistic philosophers, though their main point, that 
imagery could not be identified with the meaning of 
the words whose use it was associated with, was 
conceded. For many years Prof. Price has been 
actively interested in psychical research. He has 
considered the philosophic«l implications of its pur- 
ported findings in a number of articles and has served 
as president of the Society for Psychical Research. 


Prof. A. J. Ayer 


Pror. AYER’s first book, “Language, Truth and 
Logic” (1936), which became well known outside 
the philosophical world for the vigour of its onslaught 
on metaphysics, traditional ethics and theology, was 
& presentation to the English-speaking public of the 
ideas of the Vienna Circle of logical positivists. It 
was also a more far-reaching piece of anglicization, 
since it applied techniques and principles worked out 
for the logical analysis of science to the analysis of 
knowledge in general. The thoroughgoing phenomen- 
alism briefly sketched in it was more fully developed 
in “Foundaticas of Empirical Knowledge” (1940), 
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which, ite ¢ ithor states, owes more to Price’s 
““Percezy than to any other work. Just as Prof. 
Ayer w: pared to go further than Prof. Price 


here by enu.rely rejecting material substance as some- 
thing over and above actual and possible sensation, 
so, in ““i‘hinking and Meaning’’, his inaugural lecture, 
delivered at University College, London, in 1947, he 
discaraed the last relics of realism avout universals 
which stil] figure in Prof. Price’s examination of the 
same issue. In ‘Philosophical Essays” (1954) he 
collected a dozen substantial articles on philosophical 
logic, theory of knowledge and ethics. “The Problem 
of Knowledge”’ (1956), though designed as an intro- 
duction to philosophy, presents original contributions 
to the problems of perception, memory, the self and 
other minds. 

Both Price and Ayer are masters of the lucid 
exposition of abstract subjects. Price’s writing is 
notable for its charm and quiet humour, Ayer’s for 
its brilliant concision and elegance. In Ayer’s suc- 
cession to Price the continuing strength and vitality 
of the British empirical tradition in philosophy is 
recognized. 


Corday—Morgan Medal and Prize : 
Prof. G. W. Kenner 


Pror. G. W. Kenner, Heath Harrison professor of 
organic chemistry in the University of Liverpool, has 
been awarded the Corday—Morgan Medal and Prize 
for 1957 for his contributions to synthetic organic 
chemistry, particularly in the field of peptide and 
nucleotide chemistry. This award, consisting of a 
silver medal and a monetary prize of 200 guineas, 1s 
made annually to a British chemist of less than 
thirty-six years of age, who, in the judgment of the 
Council of the Chemical Society, has published during 
the year the most meritorious contribution to 
experimental chemistry. Applications or recom- 
mendations in respect of the award for the year 1958 
must be received not later than December 31, 1959, 
and applications for the award for 1959 are due before 
the end of 1960. Copies of the rules governing the 
award may be obtained from the General Secretary, 
Chemical Society, Burlington House, London, W.1. 
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institute of Metals Medals 

Tue Council of the Institute of Metals has made 
the following awards of medals: The Institute of 
Metals (Platinum) Medal to Dr. L. B. Pfeil (director, 
Mond Nickel Co., Ltd.) in recognition of his out- 
sanding contributions to non-ferrous metallurgical 
science and to the non-ferrous metals industries ; The 
Rosenhain Medal to Prof. R. W. K. Honeycombe 
(professor of physical metallurgy, University of 
Sheffield) in recognition of his outstanding con- 
tributions in the field of physical metallurgy; The 
W. H. A. Robertson Medal and Premium to Dr. 
R. B. Sims (chief engineer, Davy and United Engin- 
ering Co., Ltd.) for a paper on “Automatic Gauge 
Control in Rolling Mills”, published in the Journal of 
the Institute of Metals, 86 (1957-58). 


World Life Research Institute 

Bruce W. Hatsteap, formerly of the School of 
Tropical and Preventive Medicine, College of Medical 
Evangelists, Loma Linda, California, has recently 
been appointed director of the World Life Research 
Institute now under construction in Reche Canyon, 
Colton, California. The new institute will be operated 
as &@ non-profit-making, scientific and educational 
organization with emphasis on fundamental research 
inthe broad field of the chemistry of natural products ; 
for example, phytochemistry and marine biotoxic- 
ology. The application of these compounds to medicine 
and industry is also of direct interest to the organiz- 
ation. Research will be conducted under contract 
and grants-in-aid from government and industry. 
A technical assistance programme ‘will be developed, 
working in conjunction with certain under-developed 
countries, in the chemistry of natural products. 
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Colonial Development and Welfare 

In moving the second reading of the Colonial 
Development and Welfare Bill in the House of 
Commons on March 2, the Secretary of State for the 
Colonies, Mr. A. Lennox-Boyd, said that the back- 
ground to the Bill was explained in the report on the 
use of funds provided under the Colonial Development 
and Welfare Acts and outline of the proposal for 
exchequer loans to the Colonial territories issued as a 
White Paper (Cmnd. 672). The first part of the Bill 
extends the period of the existing Colonial Develop- 
ment and Welfare Acts and increases the money 
available for schemes made under the Act. All but 
2 per cent of the money provided under the Acts had 
been in the form of grants, and expenditure was now 
running at over £12 million a year ; from April 1946 
to March 1958 it totalled £155,418,000. Of this, 
£13,255,000 was for research, for which commitments 
in the period totalled £17,203,000 or 8-9 per cent of 
the total, while a further 21-2 per cent was for com- 
munications, 14-2 per cent for agriculture, fisheries 
and forestry, 4-4 per cent for irrigation and soil 
conservation and 18-3 per cent for education. The 
latter figure included grants of £1,244,250 to the 
University College of Rhodesia and Nyasaland and 
£1,500,000 to the University of Malaya. Although 
some of the territories had now become self-governing 
Dominions, which under Clause 2 (7) of the Bill would 
cease to be eligible for Colonial Development and 
Welfare assistance, over the whole field more than 
four times as many administrative, technical and 
professional officers are being recruited than before 
the War. Mr. Lennox-Boyd referred particularly to 
the value of the work of the technical advisers to the 
Federal Government of the West Indies. 
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The Bill would provide £95 million of new money 
over the next five years, compared with £80 million 
made available in 1955 on the present quinquennium. 
Excluding the £24 million to be allocated to Malta 
but including the £44 million unexpended under the 
previous Acts, this would give £115 million for spend- 
ing in the five years from April 1, 1959. In several 
territories the immediate effect of development has 
been to increase the demand on Government resources, 
and as external financial aid, mainly from the United 
Kingdom, is likely to be needed for many years the 
Bill introduced a novel plan of Exchequer loans. 
Provision was made for up to £100 million of such 
loans from the Government fund, over five years 
normally, to meet the cost of the loan-worthy element 
to general development programmes. The terms of 
these Exchequer loans will be fixed by the Secretary 
of State for the Colonies with the approval of the 
Treasury, but will not be more favourable than those 
on market issues. Mr. Lennox-Boyd said that the Bill 
was the next step in a programme of continuous assist- 
ance to Colonial governments and believed that it could 
facilitate a substantial expansion in development. 


Funds for Commonwealth Students in Britain 


In a statement circulated in Hansard for March 9, 
the Under-Secretary of State for Commonwealth 
Relations, Mr. C. J. M. Alport, said that of the 
£620,500 from United Kingdom Government funds 
available to Commonwealth and Colonial students in 
1958—59 for study in the United Kingdom, £180,000 
is under Colonial Development and Welfare, £315,000 
under the Colombo Plan Technical Co-operation 
Scheme, £66,400 for British Council scholarships and 
bursaries, £4,500 under technical assistance to Ghana, 
£600 for the Federation of Malaya Merdeke Scholar- 
ship, £4,000 under Baghdad Pact technical assistance 
and £50,000 for Athlone fellowships. These funds 
are not necessarily restricted to university students 
but are available for further education or training 
at any suitable centre in Great Britain. In addition, 
a wide range of scholarships tenable in Britain is 
offered by the United Nations Special Agencies, 
charitable and educational trusts, universities, busi- 
ness firms and others. 


Nato Studentships and Fellowships 


In a written answer in the House of Commons on 
March 2, the Parliamentary Secretary to the Ministry 
of Works, Mr. H. Nicholls, representing the Lord 
President of the Council, said that the North Atlantic 
Council had decided to finance a science studentship 
and fellowship programme to start this year. The 
Department of Scientific and Industrial Research, in 
consultation with other interested Government 
bodies, would make these awards to British subjects 
normally resident in Britain. Under the programme 
the United Kingdom proposed to provide increased 
opportunity for study, research training and experi- 
ence for postgraduate and postdoctoral students in 
science and technology (including medical and 
agricultural sciences, industrial psychology and 
sociology). The scheme was intended to stimulate 
international exchange of such students between 
North Atlantic Treaty Organization countries, but 
awards could be held in the home country of a 
student or in a country which was not a member of 
the Organization. The value of the awards and their 
conditions would be generally similar to those for 
studentships and fellowships of the Department of 
Scientific and Industrial Research. 
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Power Stations in Britain 


In moving the second reading of the Electricity 
(Borrowing Powers) Bill in the House of Lords on 
March 3, the Minister of Power (Lord Mills) said 
that apart from the hydro-electric plant in the North 
of Scotland’s programme, practically all the new 
generating plant, with a total capacity of 12-25 
million kilowatts, which the Electricity Council 
intended to provide, would be coal-fired or nuclear, 
and it was estimated that nuclear power would 
absorb 47 per cent of the £1,100 million which the 
Centra] Electricity Generating Board proposed to 
spend on power-station construction. Of investment 
in power stations proposed over the next seven years, 
less than 4 per cent represented oil-fired plant, and 
within the past week, by agreement with the oil 
companies and the Nationa) Coa) Board, conversion 
of two power stations from coal to oil would be 
postponed for a year. At present there were five 
consortia of firms with design teams trained by the 
Atomic Energy Authority and capable of tendering 
for the construction of complete nuclear power 
stations. As the number of nuclear power stations 
that will be built in Britain before 1966 will not 
now exceed twelve to fourteen, the opportunities for 
a new consortium wil) be somewhat limited in future, 
although there were opportunities here and overseas 
for the manufacture of small reactors, including 
research reactors. If a British firm could obtain 
permission to make use of, say, American develop- 
ment work so that it could sell in export markets 
reactors of a different type from those developed 
here, he saw no reason why it should not do so. 

Dealing with distribution, on which expenditure 
totalling £700 million was proposed for the seven 
years, Lord Mills said that at present nearly 75 per 
cent of farms had a supply of electricity, and the 
programme as & whole was expected to be completed 
on time. The proposed storage scheme at Festiniog 
and one projected at Loch Awe would eventually 


provide 700 megawatts at peak hours. Other research 
on storage was proceeding and he was satisfied that 


this research programme was adequate. 
University News ; London 


—F Dr. A. R. Boorsuroypn, lecturer at the Imperial 
College of Science and Technology, has been appointed 
to the University readership in electronics tenable at 
that College ; the title of reader in crystallography 
in the University has been conferred on Dr. C. H. 
Carlisle in respect of his post at Birkbeck College ; 
Dr. R. F. Saxe, lecturer at Queen Mary College, 
has been appointed to the University readership in 
nuclear engineering tenable at that College. 

Dr. B. J. Mason, Warren Research Fellow of the 
Royal Society at the Imperial College of Science and 
Technology, London, has been appointed visiting 
professor of meteorology by the University of Cali- 
fornia for the period June 1-December 31. 


Sheffield 


Tue University of Sheffield has received, among 
others, three grants from the Department of Scientific 
and Industrial Research ; one of more than £15,000, 
spread over five years, to the Department of Fuel 
Technology and Chemical Engineering, for the study 
of the formation and combustion of coal smoke; a 
grant of £6,000 over three years in aid of its work 
to the School of Social Studies, to investigate the 


transition to work of boys and girls from secondary 
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modern schools in the Sheffield area; a grant of 
£30,500 over five years to the Department of Elec. 
trical Engineering, for the study of almost fully 
ionized gases by millimetre wave-probe techniques 
involving building a small thermonuclear reactor, 
like Zeta, in the Department. 
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Announcements 

Tue Gold Medal of the Royal Aeronautical Society, 
the highest honour the Society can confer, for work 
of an outstanding nature in aeronautics, has been 
awarded to M. Marcel Dassault, the well-known 
French aircraft designer, for “his outstanding contri. 
butions to the design and development of aircraft”. 
One of the first aircraft designed by M. Dassault was 
the S.H.A.4 in 1918, and the last aeroplane to be 
designed by him was the Mirage IV, a high-speed 
twin-engine bomber. Between the Wars he designed 
many successful French aircraft, including fighters, 
reconnaissance types, bombers and transports, 


Pror. S.J - ANGYAL, head of the Department of 
Organic Chemistry, University of New South Wales, 
has been awarded the H. G. Smith Memorial Medal. 
The Medal is awarded every year by the Royal 
Australian Chemical Institute to the member who, in 
the opinion of the Council of the Institute, has 
contributed most to the development of some branch 
of chemical science. 


THE Operational Research Society has appointed 
Miss G. M. Heselton to be its secretary, and has 
moved into an office at 64 Cannon Street, E.C4 


(telephone, City 1800). The president is Prof. M. G. 
Kendall, of the London School] of Economics, and 
the Operational Research Quarterly is published for 


the Society by Pergamon Press, Ltd. 


Mr. Rosert Doveras Barep has been appointed 
a director of Baird and Tatlock (London), Ltd., and 
of Hopkin and Williams, Lid. Mr, Baird is a grand- 
son of the founder of Baird and Tatlock (London), 
Ltd. He was educated at Winchester and Cambridge, 
where he read for the Mechanical Sciences Tripos. 
On leaving Cambridge, he joined the army in 1943; 
after demobilization in 1946 he returned to Cam- 
bridge to take the Certificate in Education, and since 
1947 he has been teaching mathematics at Eton 


College, where he is also the careers master. 


THE Physical Society is holding a Conference on 
Nuclear Physics in the University of Oxford during 
April 8-10. The Acoustics Group of the Society is 
holding a Symposium on New Techniques in the 
Analysis of Noise and Vibration jointly with the 
Institute of Physics in the Physics Department, 
University of Southampton, on April 7. Further 
information can be obtained from Miss E. Miles, 
Physical Society, 1 Lowther Gardens, London, 
S.W.7. 


A National Education and Careers Exhibition, 
organized by the National Union of Teachers, is to 
be held at Olympia during May 26-June 5. The 
Education Section will display all aspects of modern 
education from nursery school to university and 
adult education. The Careers Section will offer 
information and advice on careers in virtually all the 
main fields of employment. Inquiries should be 
directed to the National Education and Careers 
Exhibition Office, Hamilton House, Mabledon Place, 
London, W.C.1. 
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VEGETATION OF THE HUMID TROPICS 


SYMPOSIUM on ‘‘Humid Tropics Vegetation’’, 

sponsored jointly by Unesco and the Council for 
Sciences Of Indonesia, was held during December 
12-15 in the new Academy of the Ministry of Agricul- 
ture at Tjiawi near Bogor (formerly, Buitenzorg). 
Spacious accommodation delighted the delegates, 
mountain air fanned the discussions, and the wooded 
plain of Bogor made a fitting prospect. It was suc- 
cessor to the symposium on ““Tropical Vegetation”’ 
held by Unesco in Kandy in March 1956. To judge 
from the strenuous programme, the full attendance, 
the vigorous exchange of views, and the unanimous 
decision to request a third symposium for 1960, the 
second was as successful as the first. Great credit 
for the organization must be given to Dr. Lennart 
Mattsson (director, Unesco South-East Asia Science 
Co-operation Office), Prof. Kusnoto Setyodiwiryo 
(director, Kebun Raya, Indonesia), Prof. Sadikin 
(director, Academy of Agriculture, Tjiawi), and 
Mr. Anwari Dilmy (director, Herbarium Bogoriense). 
Twenty-seven delegates attended from: Australia, 
Sarawak and Brunei, Cambodia, Ceylon, India, Paki- 
stan, Singapore, Thailand, United Kingdom, United 
States, the Food and Agriculture Organization, and 
Indonesia. 

Opening addresses on the first morning were given 
by Prof. Kusnoto Setyodiwiryo, Prof. Sarwono 
Prawirohardjo (president, Council for Sciences of 
Indonesia), Mr. Hutasoit (secretary general, Ministry 
of Education and Culture), and Dr. Mattsson. They 
set the tone of sincere appreciation of science which 
enabled the delegates, in the ensuing reception, to 
meet at once on common ground. In the afternoon 
and on the following days thirty-one papers were 
presented. ‘These had been duplicated, bound, and 
distributed to delegates on arrival, so that the 
author was allowed some twenty minutes to review 
his theme and there was ample time for discussion. 
On the first afternoon, Prof. Kusnoto Setyodiwiryo 
introduced the subject of the ‘Flora Malesiana’’, as 
the backbone of botanical research in South-East 
Asia; it led to @ number of resolutions concerning 
the progress of floristic botany in adjacent regions. 
Several reports were then given on ecological studies 
since the Kandy symposium. 

The second day opened with Dr. F. R. Fosberg’s 
(United States) presentation of a detailed classification 
of humid tropical vegetation based on plant character- 
istics without admixture of climatic and edaphic 
determinants. Such purely botanical approach was 
welcomed, and his extensive and valiant key to 
Vegetational categories will certainly be tested 
throughout the tropics. Prof. H. B. Gilliland 
(Singapore) described his method of evaluating and 
dlassifying secondary forests in Singapore. He 
championed a phase in ecology which foresters had 
neglected and bravely evoked the outspoken criticism 
which made this and succeeding discussions basic 
and fruitful. Dr. R. G. Robbins (Australia) gave a 
vivid account of vegetational mapping in eastern 
New Guinea by air survey and ground reconnais- 
sanes ; probably no ecological work has been under- 
taken so rapidly and, as it appeared, so satisfactorily 


on so large a scale ; it provided a reliable picture for 
land-utilization where no other survey was adequate. 
Mr. R. A. de Rosayro followed with a detailed account 
of aerial photography applied to forestry problems 
in Ceylon. Here, the smaller area permitted analysis 
with sample plots on the ground; it seemed clear 
that the virgin forest was in a state of dynamic 
equilibrium between associations dominated by 
Mesua or Doona and by mixed associations between 
them and Shorea. This novel theory provoked much 
comment; the greater variety of trees in Malaysian 
forests would obscure the effect. Dr. Y. Satyanarayan 
(India) described his method of evaluating dominance 
in Bombay forests by estimating crown-coverage. 
Dr. Robbins presented a paper by B. W. Taylor 
and R. O. Whyte (Food and Agriculture Organization) 
in which they developed the idea of a ‘land-type’ 
composed of ‘land-units’ as an exploitable entity ; 
though intended for agrarian use, it became evident 


as discussion proceeded that such compound topo- 
graphical concepts could well be applied to vegetation. 
Mr, Wyatt-Smith (Malaya) closed this part of the 
programme dealing with ecological methods by 
describing the Malayan forester’s method of quantita- 
tive assessment of forest composition and structure. 
He emphasized the necessity for reconciling metric 
and British systems of enumeration with respect 
to quadrat-size and trunk-measure; a detailed 
resolution was afterwards taken up to this effect, 
The third morning was given to papers on tropical 
peat-swamps, particularly of Borneo, as presented 
by J. H. R. Anderson, P. Shaw Ashton and A. J. G. H. 
Kostermans. To me this was the most interesting 
part of the programme for I had spent several years 
endeavouring to explore such forest in Malaya. To 
Unesco must go the credit for having first brought 
together experts on this peculiar, and intricate, 
vegetation so difficult of access. These papers and 
the ensuing discussion should be perused by all 
interested in tropical forests because the peat-swamps 
are an integral step in lowland forest succession ; 
they are being exploited, and there is urgent need of 
study before axe and poison can destroy them for 
ever, Yet it was evident that here, as in many other 
cases, discrepancies arose not from errors in observa- 
tion or from misunderstanding but from profound 
differences in the phytogeographical, geological and 
topographical nature of the regions considered, and 
that more intensive local study should precede general- 
ization. In the afternoon, Mr. Kasin Suvatabandhu 
(Thailand) gave an account of Thailand forests, which 
are of great interest because of their inal 
position both in the ecology and the floristics of the 
humid tropics; he pointed out that there was as 
yet no adequate definition of the humid tropics. 
Dr. Robbins concluded this session with a provocative 
new classification of mountain vegetation derived 
from his researches in the central highlands of eastern 
New Guinea. As this adds a new range to ecological 
knowledge of tropical mountains, his conclusions 
will be widely discussed. He proposed to get rid of 
the term ‘mossy forest’ and a resolution to this effect 
was approved ; but reflexion leads me to conclude 





796 NATURE 


that this meaningful expression is still applicable 
where mountains do not partake in @ ‘central high- 
land’. 

The last morning continued with ecological pro- 
blems. Dr. H. C. Trumble (Food and Agriculture 
Organization) described the climate of Indonesia in 
relation to vegetation and showed the necessity for 
many more meteorological records. His careful 
analysis should be read in conjunction with the ‘land- 
systems’ of Taylor and Whyte, for bioclimatology 
must complement their biotopography. Dr. Satyan- 
arayan reviewed in detail the vegetation of the West- 
ern Ghats, where, as in Thailand, there is a transition 
from true humid tropical forest to the sub-arid. His 
account will be a standard reference for phytogeo- 
graphers. Dr. Robbins then presented a paper by 
L. J. Webb on the rain-forest of Queensland ; the 
importance of lianes was emphasized in the definition 
of forests, and the neglect of them shows how much 
is yet to be added to tropical ecology. Mr. Womersley 
gave an account of the work of the Botanical Division 
of Forestry in eastern New Guinea, and a second paper 
on the Araucaria forests in which he developed the 
theme that they were relics of ancient, even mesozoic, 
pre-angiosperm vegetation surviving fitfully in some 
unknown, possibly catastrophic, manner in the 
invading sea of broad-leafed forest. I think this paper 
will become a classic. Mr. P. R. Wycherley (Malaya) 
gave an elegant sketch of the ruderal behaviour of 
Oroton hirtus, and a valuable analysis of an acre of 
forest in Malaya, such as will become a standard of 
reference for Malaysian ecologists. The afternoon 
was devoted to problems of sylviculture in Indonesia, 
presented by Mr. Mursaid, and in Malaya, presented 
by Mr. Wyatt-Smith. Striking differences were 
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apparent, especially from the methods described for 
Ceylon by Mr. de Rosayro, and it was clear, again, 
that generalization could be misleading. In the 
evening Dr. Fosberg, as rapporteur général, gave an 
able summary of the proceedings, and closing speeches 
were made by Prof. Kusnoto Setyodiwiryo and 
Mr. Sudiman (secretary, Council for Sciences of 
Indonesia). 

After the symposium delegates were taken under 
the leadership of Dr. A. J. G. H. Kostermans (Indone. 
sia) to the mountain garden and nature-reserve of 
Tjibodas, to the Botanic Garden at Bogor, for a 
four-day excursion to the nature reserve of Udjong 
Kulon at the south-west corner of Java, and on 4 
ten-day excursion to central and eastern Java and to 
Bali. Few delegates, unfortunately, had time for 
this trip, but that to Udjong Kulon in the research 
ship of the Kebun Raya gave them the unforgettable 
scene of Krakatoa, as the ship sailed about 8 a.m. 
between the new erupting cone and the old forest-clad 
mountain-side. 

As one whose presence was fortunate rather than 
premeditated, I may make a few detached remarks. 
Such a small symposium of picked experts, discuss- 
ing their problems in such hospitable, if remote, 
circumstances must always be rewarding. Its success 
depended in no small measure on the accomplishments 
of a few delegates, particularly Dr. Robbins and 
Mr. de Rosayro, who entertained us in the evening. 
At Tjiawi, we had an audience of students, and the 
proceedings, instead of being merely documented and 
shelved, may grow up in receptive minds. Malaya 
gave a good lead in sending both senior and junior 
delegates. We should remember these ingredients that 
the next may be as successful. E. J. H. Corner 


PRECIPITATION IN ALLOYS 


| pet the early investigations of Wilm on the 
age-hardening of aluminium alloys, the study of 
the decomposition of supersaturated solid solutions 
has made rapid progress. For the past twenty years 
the subject has advanced largely through investi- 
gators using X-ray diffraction techniques, but within 
the past two years the pre-eminence of these tech- 
niques in this field has been challenged by investi- 
gators using the electron microscope to examine 
metals either directly by transmission or with the 
aid of extraction replicas. At a conference held at 
the Institution of Civil Engineers in London on 
November 28, and organized by the X-ray Diffraction 
and Electron Microscopy Groups of the Institute of 
Physics, an opportunity was given for the two groups 
of investigators to meet, outline their methods of 
approach and discuss the results obtained. 

The conference comprised four principal papers— 
two devoted to results obtained by X-ray diffraction 
and two to results obtained by electron microscopy— 
followed by a general discussion. The first speaker 
was Prof. A. Guinier (Department of Physics, Con- 
servatoire des Arts et Métiers, Paris), who described 
the structures of age-hardened alloys in the pre- 
precipitation stage. He first defined the Guinier— 
Preston zones in terms of the interface between the 
zones and surrounding matrix, pointing out the 
requirements for coherence. He then reviewed the 
evidence from which it has been possible to deduce 
the shape, size and structure of zones in various 


alloys based on aluminium and containing copper, 
silver, magnesium, silicon, germanium and zinc. In 
discussing the structure of zones in relation to the 
properties of alloys, Prof. Guinier pointed out that a 
change from a purely metallic to partially covalent 
or ionic bonding may occur as the zones increase in 
size and thickness. 

The results obtained on the same series of alloys, 
but after examination by transmission electron 
microscopy, were described by Dr. J. Nutting 
(Department of Metallurgy, Cambridge). He showed 
how the predictions made from X-ray diffraction 
results have been confirmed by electron microscopy. 
He then went on to outline how the strain fields 
surrounding coherent precipitates may be observed 
and to discuss the transition from coherency to 
partial coherency at the precipitate-matrix interface. 
The advantages of the electron metallographic 
approach in revealing precipitate morphology were 
stressed and the importance of this morphology in 
relation to mechanical properties was briefly men- 
tioned. The disadvantages of the electron metal- 
lographic approach is that it gives no clear indication 
of the zone and precipitate structure. The possibility 
of using selected area transmission electron diffraction 
was suggested as a means of overcoming this difficulty. 

An account of her investigations on precipitation 
in aluminium alloys when using X-ray diffraction 
techniques was given by Miss J. M. Sileock (Fulmer 
Research Institute, Stoke Poges, and Department of 
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Metallurgy, Liverpool). She showed how the addition 
of small amounts of cadmium to an aluminium- 
copper-magnesium alloy leads to the formation of a 
superstructure with cadmium atoms around the edge 
of the plate-like zones which prevent their further 

wth. The structure of the zones in aluminium— 
copper alloys to which lithium and indium have been 
added was then described. _ The influence of cold 
work upon subsequent precipitation phenomena is a 
topic of great theoretical and practical interest. Miss 
Sileock reviewed some of the earlier investigations in 
this field and then described results she had obtained 
which indicate that prior cold work limits the number 
of orientations in which the 0’ phase forms on aging 
aluminium—copper alloys. Cold-worked aluminium— 
copper alloys containing cadmium behave in the 
same way as alloys free of cadmium, an effect which 
was attributed to an association between the cadmium 
atoms and the extra vacancies introduced during 
deformation. 

The study of precipitation phenomena in steels 


has lagged far behind the work on light alloys. The 
main reasons for this are that X-ray techniques are 
not readily applicable to the early stages of the 
precipitation reactions since it is impossible to prepare 
single crystals of martensite, while at the later stages, 
bulk chemical extraction techniques followed by 
X-ray diffraction of the extracts serves only to 
identify the phases and gives no idea of the size, 
shape and distribution of precipitated particles. 
With the aid of extraction replicas and the electron 
microscope, the study of precipitation reactions in 
steels has greatly advanced, and recent results 
obtained in this field were described by Prof. R. W. K. 
Honeycombe (Department of Metallurgy, Sheffield). 
He described the morphological changes associated 
with the decomposition of martensitic plain carbon 
steels and then discussed the modifications intro- 
duced by the addition of strong carbide-forming 
elements, contrasting the different effects of chromium, 
molybdenum and vanadium, and the influence of small 
additions of niobium and tantalum. Precipitation in 
austenitic steels has not been studied in as great 
detail as that in ferritic materials, but Prof. Honey- 
combe described some new results on the formation 
of chromium carbides and niobium carbides in a 
standard creep-resistant austenitic steel. 

The discussion which followed the principal papers 
was concerned mainly with the presentation of new 
results obtained by electron microscopy. Miss K. B. 
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Day (British Aluminium, Gerrards Cross) put in a 
plea for the retention of the oxide replica technique 
for studying precipitation in aluminium alloys, 
illustrating the many advantages of the technique 
for investigating the advanced stages of precipitation 
reactions. P. M. Kelly (Cambridge) described how 
he had been able to prepare thin foils of steel from 
bulk materia) which were suitable for examination 
by direct transmission in the electron microscope. 
The results he obtained on high-carbon martensites 
and tempered plain carbon steels were illustrated, 


A film on precipitation in an aluminium-—4 per cent 
copper alloy was shown by G. Thomas and M. J. 


Whelan (Cambridge). The film was obtained by 
aging thin foils of the alloy on a heating stage in 
the electron microscope and recording the structural 
changes as observed on the viewing screen with a 
cine-camera. The film showed conclusively that the 
final stages of aging involved the resolution of small 
particles and growth of large particles of the 
§-phase, 

A number of contributors presented results on the 
precipitation of vacancies in pure metals and alloys. 
R. E. Smallman (U.K. Atomic Energy Authority, 
Harwell) showed electron micrographs of the effects 
produced when vacancies were precipitated from 
nickel, copper, silver and gold and discussed the results 
obtained in terms of the energies of stacking faults 
in the respective metals. P. B. Hirsch (Cambridge) 
presented similar results and gave an account of the 
formation of tetrahedral stacking faults in gold. The 
formation of dislocation spirals by the condensation 
of vacancies on screw dislocations in an aluminium 
4 per cent copper alloy was described by M. J. 
Whelan and G. Thomas (Cambridge). These spiral 
dislocations provide favourable sites for the nuclea- 
tion of precipitates and are responsible for the struc- 
tures shown by Mme. A. R. Weill (Paris) of abnor- 
malities in the distribution of the 9’ precipitates after 
aging. 

The object of the conference, in attempting to 
bring two groups of workers together, was admirably 
conceived ; the fruits of this union will be awaited 
with interest. For the electron microscopists at least 
the agreement between their results and those 
obtained by X-ray diffraction was reassuring, and 
vindicated their efforts of the past few years in the 
development of the thin-foil techniques for the 
direct examination of metals by transmission. 

J. Nutrmne 


FUEL RESEARCH 


HE report of the Fuel Research Board for 1957*, 

issued on October 31, 1958, is particularly note- 
worthy for the fact that it records the decision to 
close down the Fuel Research Station at Greenwich, 
and transfer to the new Warren Springs Laboratory 
at Stevenage only two main items of research. These 
are the programmes of work concerned with the 
Measurement and abatement of air pollution and 
with the synthesis of oil from carbon monoxide and 
qtogen, which are obtained from the gasification 
ot coal. 
_In recent years quite a number of other organiza- 
tions have also been concerned with research on fuels, 


, * Department of Scientific and Industrial Research. Fuel Research 

$57: Report of the Fuel Research Board with the Report of the 

EM r of Fuel Research for 1957. Pp. iv+59+4 plates. (London: 
Stationery Office, 1958.) 4s. 6d. net. 


most of them in connexion with more or less special- 
ized aspects of fuel technology and its associated 
bearing on industrial practice. 

The new laboratory at Stevenage is envisaged as 
the centre of research in Britain on air pollution, 
though again many aspects of the problem associated 
with processing must necessarily rest to some degree 
in the domain of other organizations. The co-opera- 
tive scheme for the measurement of pollution together 
with the collection and analysis of the results will also 
be continued at Stevenage. A new and much required 
programme of research will be undertaken on the 
chemical reactions of pollutants in the atmosphere, and 
on dispersal and convective processes inthe atmosphere. 

An interesting feature of the report is the reference 
to the development of a small portable instrument, 
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which is intended to be used in place of the Ringel- 
mann chart. Those familiar with the Ringelmann 
method will recognize that it has never proved to be 
a really satisfactory means of assessing smoke pol- 
lution. In principle, the new instrument consists of a 
small telescope containing a number of translucent 
screens, darkened to standard shades, with which the 
smoke can be compared. The instrument is held so 
that the screens are seen against the same back- 
ground as the smoke. It is easy to read, and con- 
sistent observations are obtained by different 
observers. 

Another problem which has been investigated is 
the emission of exhaust gases from motor-vehicles, a 
nuisance familiar alike to motorist and pedestrian. 
In this case the effectiveness of a catalytic combustion 
unit has been examined and found to reduce sub- 
stantially the concentration of carbon monoxide in 
the exhaust gas. The life of the catalyst, however, 
as would be suspected, is a limiting factor of useful- 
ness, signs of deterioration having been shown after 
11,000 miles. 

There is an impression on the lay mind, arising 
perhaps from the magic associated with the develop- 
ment of nuclear energy, that a new scientific sun has 
arisen which will put out the candle of coal. As yet 
it may be wishful thinking. Our coalfields are still 
of great importance to Great Britain, and this 
situation must yet remain for a long time. Accord- 
ingly, the reference in the report to the continuation 
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of work on the synthesis of oil from coal should be 
regarded as a tir~'y reminder of the problems ahead. 
With the develcr:ent of nuclear energy, the rapid 
spread both domestically and industrially in the use 
of oil, and the foreshadowed increase in the application 
of oil to the making of towns’ gas, it is not possible 
to envisage a future surplus of low-grade coal of the 
kind now consumed by power stations. The total 
gasification of such coal into gaseous fuels suitable 
for distribution or for synthetic purposes is a matter 
to which serious attention should be given. It will 
need national support on a far more substantial 
scale than has been applied in the past. By this 
means alone can the sulphur problem in atmospheric 
pollution be solved. The reduction in the consump. 
tion of coal may before long become a major issue in 
fuel policy. We are approaching the situation in 
which we may see even remunerative collieries shut 
down, while at the same time attempting to sell 
exports in a highly competitive market in order to 
pay for imported fuels that have replaced the use of coal. 
This statement may well be regarded as contro- 
versial, but to envisage the possibility is to take stock 
of the remedy. There is accordingly no less urgency 
in fuel research than there was when the Fuel 
Research Station at Greenwich was established in 
1917, for as the field of activity has extended the 
problems have multiplied. In this way alone does 
technological advancement, so much needed in a 
modern world, take place. R. J. SARJANT 
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THE METROPOLITAN WATER BOARD 
REPORT FOR 1955-56 


HE Metropolitan Water Board now distributes 
322 million gallons of water daily, taking its raw 
supplies both from rivers and wells, treating them 
by a wide variety of processes and carrying out very 
extensive chemical, bacteriological and _ biological 
research to develop new methods of treatment and 
control and to maintain the safety and palatability 
of the finished product. The reports of the Director 
of Water Examination always contain a detailed and 
well-documented account of the quality control, and 
research, for which he is responsible. A large part 
of the bacteriological section of the present report* 
is concerned with the enumeration of bacteria, par- 
ticularly of coliforms, by the method of multiple 
tubes and by membrane filtration. It has been 
shown that the membrane filtration technique is 
superior for the examination of some, but not all, 
types of water; it is, for example, now used as the 
standard method for the routine examination of all 
stored waters. It has been found that the membranes, 
which are somewhat expensive, can be re-used several 
times, and it seems possible that the method may 
eventually prove to be much cheaper in materials 
than the multiple tube technique previously employed. 
Another very useful piece of work described in this 
part of the report deals with the standardization and 
selection of bile salts and peptone—different samples 
of which differ considerably in their properties in the 
MacConkey test. 
The biological section of the report is concerned 
mainly with the control of the growth of planktonic 


* Metropolitan Water Board. Thirty-seventh Report*on the Results 
of the Bacteriological, Chemical and Biological Examination of the 
By E. Windle Taylor. Pp. 


London Waters for the years 1955-1956. > 
11247 plates. (London: Metropolitan Water Board, 1958.) 21s. 


algae in reservoirs. A constant check is made of the 
numbers of these at different depths and of the 
concentration of nutrient substances in the water, 
and from this information the counter-measures to 
be used to prevent interference with the treatment 
plants are decided. It is sometimes possible to avoid 
trouble by altering the depth at which water is 
drawn from a reservoir ; sometimes copper sulphate 
is added, though this always involves a considerable 
risk of failure and usually requires calm weather to 
be successful ; and it is still necessary at times to 
take a reservoir out of service until an outburst of 
algae has died down. Hydrographic studies on the 
King George VI reservoir, together with experiments 
with models made in conjunction with the University 
of London, have suggested that the difficulties caused 
by thermal stratification, which limit the allowable 
depth, may not be so serious as had been thought 
and that it might be practicable and economic to 
induce vertical circulation of the water by pumping 
or by careful design of inlets. A differential tem- 
perature recorder for varying thermal stratification 
has been developed and has been tested in the field. 
There is a further account of research on the 
sterilization of jute yarn, which is used for packing 
joints between pipes. It is now suggested that the 
yarn might be sterilized by the vapour of form- 
aldehyde, being then treated with copper sulphate, 
iron alum, and sodium carbonate to prevent 
rotting. : 
A long section of the report deals with comparative 
tests with several large experimental plants (both 
upward-flow and horizontal-flow) on the clarification 
of water after coagulation with alum and activated 
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silica; the effect of treatment on the filterability, 
bacterial count, chemical composition, and numbers 
of invertebrates and algae, has been studied in great 
detail. From results of large-scale experiments it is 
believed that it would be economic to recover 2@ium 
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for re-use from the sludge by drying it, calcining and 
treating with sulphuric acid. 
The present report includes an index of the 
thirtieth to the thirty-seventh reports (1935-56). 
B. A. SOUTHGATE 


YIELD OF INFECTIVE ‘RIBONUCLEIC ACID’ FROM IMPURE 
MURRAY VALLEY ENCEPHALITIS VIRUS AFTER 
DIFFERENT TREATMENTS 


By G. L. ADA and S. G. ANDERSON 


Walter and Eliza Hall Institute of Medical Research, Melbourne 


LLOWING the procedure of Gierer and 
Schramm!, we have prepared an_ infective 
product by phenol treatment of crude suspensions 
of Murray Valley encephalitis virus from baby mouse 
brains. The infectivity of this product was destroyed 
by pancreatic ribonuclease (Worthington) and by 
normal rabbit serum, but in saline was more stable 
than virus. It seems that this product is essentially 
ribonucleic acid, although it probably contains other 
substances also. Following the practice of other 
workers’, we have designated the product ‘RNA’. 
For titration, virus has been diluted in 10 per cent 
normal rabbit serum in saline, and ‘RNA’ has been 
j diluted in a phosphate citrate buffered saline at 
pH 7-1. Chick embryos 12 days old were inoculated 
on the chorioallantoic membrane with 0-05 ml. vol., 
and the lethal end-points were determined at 3 days. 
In most respects, the ‘RNA’ of Murray Valley 
encephalitis virus behaved like the ‘RNA’ of other 
viruses recently reported. But in addition it was 
found possible to recover infective ‘RNA’ from crude 
virus which had been treated in various ways designed 
to reduce its infectivity considerably. 

When crude virus with a titre of 10*7 was treated 
with 9 per cent phenol for 1 min., the resulting sus- 
pension had no infectivity. After subsequent treat- 
ment of this suspension with 90 per cent phenol, as 
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Fig. 1. Infectivity titres for the chick embryo of crude preparations 
of Murray Valley encephalitis virus heated for 60 min. at different 
temperatures and of the ‘RNA’ derived by phenol treatment from 
such heated virus 
O, infectivity of heated virus ; A, infectivity of ribonucleic acid 
derived from heated virus 





in the standard method of Gierer and Schramm, 
infective ‘RNA’ appeared and reached a titre of 
10-105 by the end of the extraction procedure. 

Crude Murray Valley encephalitis virus lost in- 
fectivity on heating; for example, original virus 
with a titre of 107 was reduced in titre to 101° by 
holding at 56° C. and pH 7-1 for 60 min. ; and after 
holding at 62° C. for 60 min. the undiluted prepara- 
tion failed to infect chick embryos. The standard 
phenol procedure was applied to both these heated 
preparations and yielded samples of ‘RNA’ with 
infective titres of 10*-° and 10*-?, respectively. These 
latter infectivities were lost on incubation with 
1 ygm./ml. of ribonuclease for 20 min. at 15° C. 
A series of results of this type is shown graphically 
in Fig. 1. The normal ratio of titre of original crude 
virus to titre of ‘RNA’ derived from this virus 
was usually about 10% as titrated in eggs. For 
virus heated at or above 50° C. for 60 min. this ratio 
became less than 1. 

Throughout the present work all titrations of 
infectivity were carried out in chick embryos, but it 
may be noted that if infectivities were titrated by 
inoculation of baby mice by the intracerebral route, 
normal virus titred at 10%* and ‘RNA’ derived 
from it, at 10** ZD50 per 0-01 ml. This V/R ratio 
(108- * ma 8) fell to 10*7/10°* for virus heated at 
62° C 

Virus lost titre at a low pH. After standing at 
pH 3-0 for 30 min. at 20° C., a crude preparation of 
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Fig. 2. Infectivity titres for the chick — of crude preparations 
of Murray Valley encephalitis virus exposed to different concen- 
trations of formaldehyde for 195 min. at 20° C. and of the ‘RNA’ 
derived by phenol treatment from such treated virus. nt 
is the mean value of between 4 and 10 experiments, the vertical 
lines representing ra tot —- 
—, infectivity of treated v nfectivity of ribo- 
nucleic acid autvent from Ate virus 
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virus with an original titre of 10*-* had a titre of 
103-1, but on phenol treatment this then yielded 
‘RNA’ with an infective titre of 10*-*. in, @ virus 
preparation of original titre 107° had a titre of 10*-* 
after standing at pH 2; but then yielded ‘RNA’ 
with a titre of 103-5, 

Attempts were made to extract infective ‘RNA’ 
from virus which had been treated with various 
concentrations of formaldehyde. Fig. 2 shows that 
concentrations of formaldehyde of 0-01 per cent or 
higher reduced the infective titre of a crude virus 
preparation over the period of 3} hr. at 4° C. Crude 
virus treated with formaldehyde in the range of 
0-003-0-1 per cent yielded relatively less infective 
‘RNA’ than did control virus held at 4° C. without 
formaldehyde. Similar results were obtained even 
when the formaldehyde was neutralized with ammonia 
before the preparation of the ‘RNA’. 

Essentially the results with phenol, heat and low 
pH show that damaged crude preparations of Murray 
Valley encephalitis virus will yield ‘RNA’ with an 
infectivity for the chick embryo which may be 
greater than that of the preparation from which the 
‘RNA’ is obtained. This does not hold for virus 
preparations damaged by formalin. Here the yield 
of infectivity in extracted ‘RNA’ is, on the contrary, 
unduly low. 

Any interpretation of these findings requires a 
knowledge of the source of the ‘RNA’ within the 
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crude virus preparation. For reasons based on 
experimental work to be reported elsewhere, wo 
prefer to use as a working hypothesis the assumption 
that ‘RNA’ comes essentially from the infective virus 
particles. We also assume that the process of infection 
of cells involves as a necessary step the intracellular 
liberation of infective nucleic acid. On such a basis 
it is natural to suggest that heat, acid or dilute 
phenol acts by denaturing the surface protein, and 
that this makes intracellular biological liberation of 
ribonucleic acid from the infecting particle difficult 
or impossible but leaves much of the ribonucleic acid 
unaltered and capable of liberation by phenol 
treatment. 

On the other hand, the effect of formalin would 
seem to be primarily on the ribonucleic acid® or on the 
mechanism of union between protein and ribonucleic 
acid in the particle. It appears that in this case the 
intracellular processes are more effective than phenol 
for the liberation of infective ‘RNA’. 

We would stress that the final interpretation 
of these results with crude virus must await 
the study of purified virus under comparable con- 
ditions. 

1 Gierer, A., and Schramm, G., Nature, 177, 702 (1956). 
* Colter, J. S., Bird, H. H.,and Brown, R. A., Nature, 179, 859 (1957). 
aie” and Schafer, W., Z. Natursforsch., 12b, 415 (1957); 


* Fraenkel-Conrat, H., Biochim. Biophys. Acta, 15, 307 (1954). Stae- 
helin, M., ibid., 29, 410 (1958). 
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CHROMOSOME MAPS OF SACCHAROMYCES 


By Pror. CARL C. LINDEGREN, GERTRUDE LINDEGREN, ERNEST E. SHULT and 
SHARON DESBOROUGH 


Biological Research Laboratory, Southern Illinois University, Carbondale 


INDEGREN AND LINDEGREN!? reported 
linkage between two genes controlling histidine 
(HI) and anthranilic acid (AN) requirements in 
Saccharomyces and the five separate ‘centromere 
markers’: (1) the mating-type locus («/a), the loci 
of genes controlling the syntheses of (2) para-amino- 
benzoic acid, (3) uracil, (4) adenine, and (5) the fer- 
mentation of galactose—and other linkages between 
genes controlling nutrilite requirements for inositol, 
pyridoxine and thiamine. In the lumped data from 
a number of small families (in which other tetrad 
distributions were not always consistent) the centro- 
mere linkages (a, galactose (GA), uracil (UR)) and the 
linkage of histidine (HJ) to anthranilic acid (AN) 
(which was afterwards confirmed by Leupold*) were 
consistently repeated. A complete map (Fig. 1) was 
finally constructed when a recent series of nineteen 
large families (each of which was heterozygous for 
8-19 loci simultaneously) totalling more than 1,184 
asci (involving at least 10 ‘new’ gene markers) were 
analysed. Bold-face type indicates markers the order 
of which has been repeated consistently in every 
family heterozygous for these genes, in spite of 
variations in the frequencies of crossing-over and 
interference in the different families. The genes are 
arranged on a scale roughly proportional to the 
average number of cross-overs per meiosis in all the 
families analysed. 
(The recombination values are not measured in 
centimorgans but as the average number of cross- 
overs per meiosis, estimated by assuming a Poisson 


distribution of crossing-over in the absence of chroma- 
tid interference. The units of measurement will be 
called ‘stranes’*-*. Stranes correspond closely to 
centimorgans over short distances but deviate 
markedly, becoming greater as the distances increase. 
Although stranes are not subject to an upper limit of 
50, they are subject to a sampling error which in- 
creases rapidly, making higher values less reliable. 
The considerable ‘shrinkage’ distortion characteristic 
of maps based on centimorgans is avoided by the use 
of stranes. The principles on which this unit 1 
established were laid down by Sturtevant (for 
linearity)‘, Trow*®, Haldane*, Mather and Beale’, 
Rizet and Engelmann’, but the defence of the concept 
of interference by Sturtevant‘ and Muller® and later 
by Weinstein’® discouraged American geneticists for 
many decades from exploiting methods for correcting 
recombination values. The view that such correction 
is possible has been recently revived by Papazian”, 
Spiegelman!* and Shult and Lindegren'*, and the 
results from tetrad analysis presented here appear 
to justify this view. The additivity of stranes (as 
shown by the complete results which will be presented 
in detail elsewhere) even at high values is much more 
precise than would be expected on the older views.) 
Loci, the linkages of which appeared significant 
only a few families, are written in light-face type to 
denote a lower level of certainty. The phenotypes 
of the gene symbols are indicated in Table 1. , 
MA controls the synthesis of maltase, which splits 
maltose and turanose but no other sugars. MZ 
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PH, PA, ME, NA,PY 


Fig. 1. Chromosome maps of Saccharomyces cerevisiae. Circles denote centromeres with 
the respective chromosome arms to the right. The box enclosing the first three centro- 
meres indicates their preferential segregation to the same pole. The arrows on the CU- 
centromere indicate respective instances of ‘coupling’ and ‘repulsion’ of this centromere 
with those enclosed in the box. Gene symbols are defined in Table 1. Genes listed at 
the bottom of the map have not shown consistent linkages with other genes in these 
families; genes in light-face type show consistent linkage but appear in only a few 
families; genes listed in bold-face type have shown linkages consistent with the map 
arrangement in every family heterozygous for the genes 
* The location of SU distal to the MA allele is strongly suggested by earlier data of 
Lindegren and Lindegren (ref. 24). ** This linkage group was established by Middlekauff, 
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DX. If ‘isomeric’ means genes 
which achieve the same result, 
then these genes are isomeric; if 
it means genes which are duplic- 
ates of each other at different loca- 
tions ‘isomeric’ is a misnomer. A 
series of different (so-called ‘iso- 
meric’) genes which are said to con- 
trol the fermentation of galactose 
actually act only to change the 
rate at which a single primary gene 
produces its enzyme. According to 
the established conventional pro- 
cedure, these genes are plus or 
minus modifiers of the primary 
gene GA, which is the only gene in 
Saccharomyces that has been de- 
monstrated to respond to galactose 
by the production of an enzyme or 
an enzyme system which converts 
galactose into fermentable hexose. 

The genes for the nutrilite re- 
quirements nicotinic acid (NA), 
phenylalanine (PH), pyridoxine 
(PY) and pantothenic acid (PA) 


Hino, Yang, Lindegren and Lindegren (ref. 25) and pe and Lindegren (ref. 26), 


but has not as yet been locate 


controls the synthesis of melezitase, which splits 
maltose, turanose, sucrose, methy]-«-pD-glucopyrano- 
side and melezitose together with a few other short- 
chained «-glucosides. The enzymes produced by 
MA and MZ are different since the maltase produced 
by MA will not split methyl-«-p-glucopyranoside, 
melezitose or sucrose. LA controls the splitting of 
lactose and is inferred from Kluyver’s" rule that the 
fermentation of lactose in Saccharomyces excludes 
the fermentation of maltose and vice versa, which is 
the operational definition of an allele. A multiple 
series of alleles exist at the MZ locus, all controlling 
the synthesis of the same enzyme, melezitase, but 
differing from one another by the inductors to which 
they respond to effect the synthesis of the enzyme. 
It is suggested that the three major alleles are either 
very closely linked or are multiple alleles occupying 
a single locus. 

Winge and Roberts", Gilliland'*, Hawthorne!’ and 
Douglas and Condie’* have described isomeric genes 
controlling the synthesis of enzymes splitting carbo- 
hydrates or converting galactose into fermentable 
hexose. But the term ‘isomeric’ requires more 
specific definition. For example, there are three 
different genes in Saccharomyces which control 
different enzymes that split maltose; MA, MZ and 


Table 1 
Phenotype 


Mating type 

Adenine requirement 

Anthranilic acid requirement (replaced by tryptophan) 
Resistance to 0-2-0-4 per cent caffeine 
Choline requirement 

Resistance to 1-0-2-5 per cent cobalt 
Resistance to (1-2) x 10-* M copper 
Resistance to 0-01-0-02 per cent cadmium 
Fermentation of dextrin 

Fermentation of galactose 

Histidine requirement 

iso Leucine requirement 

Lysine requirement 

Fermentation of melibiose 

Resistance to 1-10 per cent nicotine 
Proline requirement (replaced by arginine) 
Thiamine ent 

Fermentation of maltose 

Fermentation of melezitose 

Fermentation of lactose 





and a gene for the fermentation 
of melibiose (ME) (although regu- 
larly Mendelian) have to date 
shown no consistent linkage to any other genes. 
Introduction of ‘new’ genes may be expected to 
bring these ‘unlinked’ genes into the map. 
Chromosome I, which has been well established by 
the analysis of numerous hybrids, comprises the 
additive linear sequence CA, CH, HI, IS, AN, CO. 
In each of 6 families (452 tetrads, Table 2) heterozy- 
gous for the markers UR, TH, CH (or C/A) and any 
combination of the markers HI, IS, AN and CO, it 
was found that linkage group 1 ‘branched’ into two 
arms carrying UR and TH, respectively. The 
tetrad distributions of the three centromere markers 
(CH, UR and TH) with other randomly segregating 
centromere markers (« and GA, Table 3) show that the 
point of ‘branching’ is identical with the centromere 
of Chromosome I, about 5 units from the tightly 
linked genes CA and CH. The marker CU constitutes 
a fourth directly linked branch (in 2 of the 6 families ; 
132 tetrads, Table 3), but reverse linkage (74 per cent 
recombination) of CU with CH (ard other members 
of its linkage group) in one family of 180 tetrads, 


Table 2. THE ToTAL NUMBER OF REGULARLY SEGREGATING TETRADS 
INVOLVING THE THREE CHROMOSOMES |DENTIFIED RESPECTIVELY BY 
THEIR CENTROMERE MARKERS: UR, 7H anv CH 





Gene marker 
UR TH CH IS HI AN CA CO NI 





Family No: 
108 


180 180 180 
50 50 50 
30 630 
30 
60 
96 96 

101 101 
20 
75 


° 
i) 


102 102 
20 
16 162 162 
20 


S 
we 


51 51 
33 

22 

30 
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813 460 336 315 
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Table 3. THE TOTAL NUMBER OF REGULARLY SEGREGATING TETRADS 
INVOLVING THE VARIOUS CENTROMERE MARKERS 





] 
Gene markers 
GA CU UR TH CH CA AD 





180 180 180 180 
50 50 50 
96 


30 30 
30 


102 102 

101 
20 
75 
162 
20 
38 
33 
2 20 

109 64 


Total tetrads 1.184 795 428 





336 639 








established unequivocally that CU was located on a 
chromosome separate from CH and, in this ease also, 
the point of ‘branching’ is identical with the centro- 
mere of Chromosome I. These results prove that the 
apparent branching of linkage groups results from 
preferential segregation of centromeres in parental 
combination and that reverse linkage results from 
preferential segregation of centromeres in non-parental 
combinations, a situation identical with that reported 
by Wallace’*® except that (1) the preference is nearly 
100 per cent instead of 67 per cent and (2) the added 
advantage of tetrad analysis enables one to locate the 
centromere with precision®®.*!. These findings provide 
the first confirmation of the hypothesis!*.** that the 
site of ‘affinity’ is the centromere. 

It has not yet been possible to separate the 
‘branches’ UR, TH and Chromosome I into two or 
three chromosomes, and, for this reason, they are 
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represented tentatively as three separate chromosome 
arms preferentially segregating to the same pole, 
with the reservation that two of the arms may be 
opposite arms of the same chromosome. From the 
linkage results, it is inferred that the haploid number 
of chromosomes in Saccharomyces is at least seven, 
This disparity with the finding of McClary, Williams, 
Lindegren and Ogur** reflects the difficulties inherent 
in the cytological analysis of micro-organisms, 
especially when the problem of size is further compli- 
cated by the synapsis of non-homologous centromeres, 
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HE maximum permissible level of body burden 

for each radioactive material depends on know- 
ledge of (or assumptions about) the tissue in which 
the material is chiefly concentrated. Retention has 
been investigated experimentally in the major 
tissues of the body', such as bone, bone marrow, 
rouscle, liver, but specialized organs of proportion- 
ately small bulk have hitherto been ignored except 
ir the case of the thyroid gland. When the toxicity 
of radioiodine was first considered, the thyroid was 
not overlooked because its ability to concentrate 


iodine was already well known. Fission products, 
however, consists largely of elements about which 
little is known physiologically, and not much con- 
sideration seems to have been given so far to the 
possibility that radioactive materials other than radio- 
iodine might be concentrated in specialized organs, to 
such an extent as to be of importance in determining 
their maximum permissible level. Biological con- 
centration due to specialized metabolic processes is the 
major unknown in assessing the hazards of radioactive 
isotopes of trace elements, that is, of fission products. 
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* Excluding No. 1012, which died (see Table 2) and had a femur value of 13. 


In different species of mammal, physiologically 
remarkable concentrations of elements such as zinc, 
barium or strontium may be found in the eye?, 
which suggests that their radioactive isotopes will 
also be concentrated there. This deduction is con- 
firmed by the observations on strontium-90 reported 
here. The toxicological significance of the results 
depends not only on the relative radiosensitivities of 
bone and of such components of the eye as iris, 
choroid and retina, but also on the marked differences 
between species in the way in which many elements 
are concentrated in these parts of the eye. 

Several fission products of the first importance from 
the point of view of hazards to health consist of pairs 
of radioactive materials, for example, strontium-90 — 
yttrium-90, barium-140—lanthanum-140, cerium- 
144 - praseodymium-144. In each of these cases the 
radioactive daughter has a half-life much shorter 
than that of the parent element, and in most toxi- 
cological studies the equilibrium values in tissue are 
all that is determined. The observations reported 
here, however, show that, in the case of strontium-90 — 
yttrium-90 in the retina, ignoring the metabolic 
disequilibrium of radioactive parent and radioactive 
daughter may lead to an under-estimate of the 
hazard, possibly by as much as an order of magnitude. 

Weanling rabbits aged 6-8 weeks were injected 
intravenously (J. V.) with an equilibrium mixture of 
strontium-90 and yttrium-90 or with yttrium-91 in 
doses of between 72 and 600 uc./kgm. body-weight, 
and killed at various intervals of time thereafter. 
The rabbits were maintained throughout on a 
standard regime*. Some animals were given a daily 
dose of strontium-90 by mouth as described elsewhere‘. 
The solutions of strontium-90— yttrium-90 and of 
yttrium-91 given to the rabbits were each contamin- 
ated to less than 1 per cent by other radioactive 
materials. 

The eyes were removed when the animal was killed 
and transferred to a separate laboratory for dissection 
into their various parts, each of which was weighed 
(A. P.). Some eyes were dissected unfixed, some 
after fixation in aleohol. In the rabbit, the iris and 
ciliary body cannot be separated. In most cases the 
parts from the two eyes were combined to make one 
specimen. The specimens were then transferred to a 
third laboratory where they were dissolved in nitric 
aid; the solutions were made up to 10 ml. or 
multiples thereof, and the count-rate (hereafter 
abbreviated to count) determined in a Veall-type 
M6H counter (R.H.M.). Appropriate corrections 
Were made for background and lost counts and, when 
many repeat counts were made, for transfer losses. 

© geographical separation of the laboratories was 
2 advantage in minimizing possible contamination 


of specimens, most of which weighed between 10-4 
and 10-5 of the body-weight. 

In erder to determine the strontium-90 content, 
at least two counts were made of each specimen, not 
less than a week apart, the first of these being not 
less than 3 weeks after dissolving the tissues in acid. 
After 3 weeks, yttrium-90 (half-life 64 hr.) and 
strontium-90 (half-life 28 years) are effectively in 
radioactive equilibrium. Counts of a standard 
solution of known concentration were made each time 
a series of specimens was counted so that the observed 
counts could be converted to microcuries and the 
tissue concentrations of strontium-90 or of yttrium-90 
determined in y.c./gm. 

Many specimens were counted on one or more 
occasions before radioactive equilibrium had been 
reached. A quantitative assessment of the excess or 
deficiency of yttrium-90 was made by subtracting the 
final equilibrium counts from the earlier counts and 
plotting the differences on semi-logarithmic graph 
paper’. The rate of decay or growth of counts was 
within + 10 per cent of that expected for yttrium-90 
in all but three specimens, and in two of these was 
not far outside these limits. The counts from the 
third were discarded. The initial count which would 
have been expected if the tissue had been counted 
simultaneously with the death of the animal was 
determined by extrapolation, using the theoretical 
half-life for yttrium-90. Since the counters used 
were sensitive to yttrium-90 (efficiency 10-11 per 
cent) and insensitive to strontium-90 (efficiency 0-5 
per cent), the observed counts were practically all 
due to yttrium-90. Thus the ratio of the initial 
count to the final equilibrium count gave the yttrium- 
90 at the moment of death as a fraction of the 
yttrium-90 at equilibrium. Since at radioactive 
equilibrium 1 ue. of yttrium-90 is equivalent to 1 ue. 
of strontium-90, this ratio is also equal to the ratio 
of ue. of yttrium-90 to ue. of strontium-90 in a tissue 
at the moment of death. 

When the interval between death of the animal and 
the first count was long, or when only one pre-equili- 
brium count was available (Table 2), the identity of 
yttrium-90 could not be proved, and the accuracy of 
determination of the expected initial count was low. 
Also, the closer the first count to the final equilibrium 
count the less accurate the determination of their 
difference, so that the exact value of the yttrium-90/ 
strontium-90 ratios near 100 per cent must be uncer- 
tain, although the fact that equilibrium was nearly 
complete is, of course, sure. 

The equilibrium concentration of strontium-90 in 
different tissues, expressed as a fraction of the injected 
dose per unit body-weight at different times after a 
single injection, is shown in Fig. 1. The scatter of the 
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Table 2. so. YTTRIUM-90 aT Timm OF DEATH AS PER CENT OF uC. STRONTIUM-90 





(1) Injected intravenously 


No. of Dose Time since 
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stration of 
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—s th 
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tween death equilibrium 
and first counts per 
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24 hr. = 
3 days 80 140 
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(2) Continuous oral administration 
Total Dura- 
No. of 
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tion of 
tion feeding 
(ue.) (days) | feeding 


reten- 
Choroid 


Interval be- 
tween death 

and first counts per 
count (hr.) specimen 


No. of pre- 
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Vitreous 








994 215 62 6 weeks 

921 8-1 162 1 year 
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930 217 224 
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* + signifies 4-8 pre-equilbrium counts. 
+ The valuesin parenthesis are ve 


uncertain because the count-rates in the specimens amounted to only a small fraction of the background. 


This anima! died during the night and this time is uncertain by + 8 hr. 
The strontium-90 content of this cornea was exceptionally high (? contaminated, ? correlated with age of animal). 


results is reduced if the tissue concentration is 
expressed as a fraction of the concentration in the 
whole femur of the same animal (Table 1). 

Different parts of the eye differed several-fold in 
their uptake and retention of strontium-90. The 
pigmented parts of the eye, iris with ciliary body and 
choroid, showed the highest concentration at all 
times after the first hour. Cornea and sclera came 
next, followed by retina and then vitreous. As might 
have been expected the concentration in the lens was 
least of all, from one-fifth to one-tenth of that in the 
vitreous. The concentration in striated muscle, a 
representative soft tissue, was intermediate between 
vitreous and lens. 
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0-31 1 9 30 days 
Fig. 1. Strontium-90 in bone and in the tissues of the eye of the 
rabbit 


Abscissa, time in days aftersingleintravenousinjection ; ordinate, 

er Ki = in = x how wg < * —- of ye. 

The values for cornea and sclera are so similar that they have 
been plotted as one 


There was a 10-50-fold drop in concentration of 
radiostrontium in the different parts of the eye 7-8 
hr. to 30 days after injection. Although between 
9 and 30 days the absolute levels decreased by about 
a half (Fig. 1), their ratio to the concentration in the 
femur changed much less (Table 1). After the initial 
phases of redistribution, therefore, the strontium-90 
was as fixed, or as mobile, depending on the point 
of view, in the soft tissues of the eye as in the bone. 

The concentration of stable strontium has been 
determined in the different parts of the rabbit’s 
eye, dissected in the same way*. The relative propor- 
tions of radiostrontium in the different tissues at 
9-30 days were similar to their relative content of 
stable strontium, though with a wider range in values 
than for stable strontium. 

In two rabbits at 3 months and one at 6 months 
after injection a broadly similar pattern for the 
concentration of strontium-90 was found. The 
discrepancies observed may possibly be due to the 
fact that the counting-levels at these time-intervals 
were low and the results consequently uncertain. 

Table 2 gives the results on the equilibrium between 
yttrium-90 and strontium-90 at the time of death as 
deduced by the method described. All parts of the 
eye showed an increase in the ratio of uc. yttrium-90 
to pe. strontium-90 during the first three days after 
injection. The cornea and vitreous showed a marked 
deficiency in yttrium-90 at all times but by three 
days after injection choroid, retina, sclera and muscle 
contained a definite or marked excess of yttrium-90. 
A persistent excess was found only in the retina. 

When strontium-90 with yttrium-90 in equilibrium 
was fed daily the order of activity concentration m 
the different parts of the eye was the same 4 
1-30 days after a single injection. The cornea and 
vitreous were again relatively deficient in yttrium-90 
(Table 2), the lens and iris were nearly in equilibrium, 
while the choroid and sclera showed a definite excess 
of yttrium-90. This excess, however, was most 
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evel after 11 days (see text). 


pronounced in the retina, where ue. yttrium-90 per 
gm. averaged eight times the equilibrium value. 

Two rabbits were given single injections of yttrium- 
91 and were examined 11 days later. The tissue 
concentrations of yttrium-91 were the same as those 
of strontium-90 in the retina, lens and cornea, but 
four times higher in the iris and 20—40 times higher in 
choroid, sclera and striated muscle (Table 3). The 
vitreous was the only tissue with less yttrium-91 
than strontium-90. Thus the difference in retention 
between different parts of the eyes was greater for 
yttrium-91 than for strontium-90. The difference 
in concentration of yttrium-91 between retina and 
choroid is especially noteworthy : it is impossible to 
make an absolute separation between them when 
dissecting the eye, and the relatively small amount of 
yttrium-91 in the retinal specimens may well have 
been wholly derived from adherent fragments of choroid. 

In studying the results it must be understood that 
the yttrium-90 formed by the radioactive decay of 
strontium-90 cannot be expected to behave chemically 
or physiologically in the same way as radiostrontium. 
Strontium is one of the divalent alkaline-earth 
metals. Yttrium is trivalent and behaves like the 
rare earths. The two elements form compounds of 
different solubilities which may well influence their 
rates of diffusion, and their physiological behaviour is 
also different. Both elements are concentrated in 
bone, though in different sites*, but yttrium, unlike 
strontium, may also be retained in soft tissues, 
particularly the liver, stomach and spleen’. A 
similar preferential uptake of injected yttrium-91 as 
compared with injected strontium-90 was found in 
sclera, choroid and iris with ciliary body (Table 3). 

The slower diffusion of yttrium as compared with 
strontium is clearly shown by the deficiency of 
yttrium-90 in the avascular tissues, cornea, vitreous 
and lens, as compared with the other parts of the eye 
during the first 24 hr. after injection of an equilibrium 
mixture of yttrium-90 and strontium-90 (Table 2). 
Without knowledge of the relative blood levels of 
radiostrontium and radioyttrium it is not possible 
to decide whether there is any difference in the rate of 
penetration into the other parts of the eye. 

The relative excess of yttrium-90 from 1 to 9 days 
after injection in all the other parts of the eye is 
Perhaps most simply explained by the combined 
effect of two factors: (1) the fact that the concentra- 
tion of radiostrontium in the tissues fell during this 
time interval, (2) the assumption that yttrium is not 
easily lost from a tissue once it is deposited there, as 
evidenced by the very high concentration of yttrium- 
91 as long as 11 days after its injection (Table 3). 
It is known also in the case of bone that, though 
Tetention of yttrium-91 may be of the same order 


* Assumed to be one-sixteenth of mean yttrium-91 value because the injected yttrium-90 would have decayed to one-sixteenth of its original 


as that of strontium-90 up to 7 days after injection‘, 
over a period of 6 months the loss of yttrium-91 is 
less*. A fall in the concentration of strontium-90 
in a tissue due to outward diffusion from the cells 
must lead to a relative excess of yttrium-90 if the 
yttrium cannot diffuse outwards so easily. The rate 
of change of the level of strontium-90 in tissue 
decreased with time after injection and correspond- 
ingly the excess of yttrium-90 should have decreased 
progressively from 3 to 30 days, as was seen in sclera, 
choroid, cornea and muscle (Table 2). When the 
rate of change of concentration of strontium in tissue 
is slow compared to the rate of decay of yttrium-90, as 
at 30 days after injection, a difference in the rate of 
diffusion between strontium and yttrium would not 
be detected in this way. 

The values for yttrium-90 at the earlier time- 
intervals will certainly not depend wholly upon 
yttrium-90 generated from strontium-90 within the 
body of the rabbit. The injected solution was an 
equilibrium mixture of strontium-90 and yttrium-90 
so that the rabbits given strontium-90 were also 
injected with yttrium-90. This injected yttrium-90 
would be expected to distribute itself just like the 
yttrium-91 since both isotopes were in the same 
chemical form when injected. A comparison may 
be made at 11 days after injection (Table 3) when the 
activity of injected yttrium-90 will have decayed to 
one-sixteenth of its original level (eleven days equal 
four half-lives of yttrium-90). At this time the con- 
tribution of injected yttrium-90 to the values observed 
for that radioisotope will be one-sixteenth of the mean 
values for yttrium-91 when tissue concentrations 
are expressed in the same units (fractions of injected 
dose per unit body-weight). The results in Table 3 
show that direct uptake of yttrium-90 injected would 
contribute significantly to the observed levels of 
yttrium-90 11 days after injection in muscle, sclera, 
choroid and iris with ciliary body but not in retina, 
cornea, vitreous and lens. Some or all of the relative 
excess of yttrium-90 over strontium-90 in muscle, 
sclera and choroid at 3-9 days after injection (Table 2) 
may therefore be due to direct uptake of injected 
yttrium-90. At 30 days there was no excess of 
yttrium-90 in these tissues but by 30 days the radio- 
isotope injected would have decayed by eleven half- 
lives and so would not contribute measurably to the 
amount observed in the tissue. 

None of the factors already considered can account 
for the excess of yttrium-90 in the retina 30 days 
after injection of strontium-90 ; this excess can only 
come from yttrium-90 liberated from or generated 
within the tissues. The results in the retina at earlier 
times were also exceptional. There was a large 
excess of yttrium-90 at 3-9 days, even though the 
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direct uptake of yttrium-91 was low at 11 days, 
and this excess changed relatively little with 
increase in time after injection of strontium-90 
from 3 to 30 days. A similar excess of yttrium-90 was 
not found in the grey or white matter of the central 
nervous system. If yttrium cannot diffuse into or 
out of the retina, then the maximum possible amount 
of yttrium-90 in the retina at a constant blood level 
of strontium-90 is the equilibrium amount, whatever 
the rate at which strontium can diffuse into and out 
of the retinal cells. The yttrium-90 observed 30 days 
after injection, when the blood level must have been 
very stable, was certainly greater than this (Table 2). 
The excess of yttrium-90 was still larger in animals 
fed daily on strontium-90. 

There is the possibility that the retina in animals 
given strontium-90 did not behave in the same way 
as in animals given yttrium-91, that is, in one set of 
animals radiation damage altered the ability of the 
retina to accumulate yttrium directly. The dosage 
of yttrium-91 was a little greater than that of 
strontium-90, it is true, but no difference was noted 
over a several-fold range in dosage of strontium.90 
(Table 2). Thus, if there was radiation damage to 
the retina, ib was in the animals given yttriun-9], 
and this does not affect the conclusion from the results 
of Table 2, namely, that the equilibrium count in a 
tissue containing radioactive parent and daughter 
isotopes may markedly under-estimate the radiation 
dose received by that tissue. 

The yttrium-90 in the retina in excess of the 
equilibrium value must therefore originate in yttrium- 
90 liberated from other tissues laden with strontium- 
90 or yttrium-90, and there must be something in the 
retina which is capable of binding this yttrium-90 


when it reaches the retina. Injected yttrium-91, 


however, was not bound by the retina even though 


it must have reached the eye, as was shown by its 


high concentration in choroid, iris and sclera, Pre- 
sumably the chemical form and hence biological 
behaviour of yttrium liberated continuously from 
strontium-90 within the body is not necessarily the 
same as in the solutions of yttrium-91 or strontium-90 
plus yttrium-90 used for injection. The retina thus 
behaves like many other soft tissues where the direct 
uptake of yttrium varies markedly with the chemical 
form in which the yttrium is administered’. It will 
be of interest to identify the chemical form in which 
yttrium-90 is liberated from tissues into the blood- 
stream, and which is selectively taken up by the retina 
but apparently not’ by the other tissues of the eye. 

From 1 day after injection and thereafter the 
concentration of strontium-90 in the iris with ciliary 
body, the most radioactive part of the rabbit’s eye, 
was always less than 1 per cent of the concentration 
in bone in the same rabbit. If it is considered that 
the harmful effects of radiation are due to its direct 
action on irradiated cells, the bone would have to 
consist of less than 1 per cent cells before a given mass 
of iris would have as great a chance of being damaged 
as the same mass of bone. Other factors needing 
consideration are the difference in bulk of bone and 
eye (if the harmful effect is due to the probability of 
change in any cell in the organ), the intrinsic radio- 
sensitivity of bone and iris, and for particles as ener- 
getic as the 8-particles of strontium-90 and especially 
yitrium-90, the geometrical distribution of dose in 
@ complex organ like the eye where thin layers of 
tissue concentrate radioactivity to differing degrees. 
Clearly, existing information on all these points is too 
slight for any useful theoretical comparison of the 


NATURE 


March 21, 1959 vou. ies 


eye and the bone as ‘critical tissues’ for strontium-90, 
No clinical observations of damage to the eye seem 
to have been made in experimental animals after 
administration of strontium-90 in doses sufficient to 
cause bone tumours. 

The experimental result which may have important 
toxicological implications is the large excess of 
yttrium-90 in the retina of rabbits given strontium-90, 
especially after chronic administration. This accumu- 
lation of yttrium-90 would not have been predicted 
from the experiments made with yttrium alone ; on 
the contrary, it would have been denied (Table 3). 
In principle, therefore, whatever the explanation of 
the findings may be, similar unexpected accumula- 
tions of radioactive daughter products may occur 
whenever cells are permeable to a radioactive parent 
element, and may not be detected unless special 
search for the excess of daughter is made. In the eye 
it is relatively easy to separate physiologically 
different parts and to show how differently they 
behave in this respect. In a geometrically compli- 
cated organ, like bone, it has not yet been possible 
to separate the physiologically different components 
and examine them separately for excess or deficiency 
of yttrium-90, and no method of specimen preparation 
which is long compared with the half-life of yttrium-90 
can hope to be successful. 

In addition to the strontium-90 — yttrium-90 decay 
chain, other decay chains which need consideration 
are barium-140— lanthanum-140, cerium-144 — prase- 
odymium-144, tellurium-132 —iodine-132 and _ the 
natural radium, thorium and uranium series. Tel- 
lurium — iodine has been carefully considered (G. E. 
Harrison, personal communication, 1957), but no 
information is available about possible disequilibrium 
between barium and lanthanum or cerium and 
praseodymium. ach natural radioactive series is 
composed of a number of different chemical elements, 
and there is clearly a possibility that unexpected 
concentrations of short-lived intermediate products 
may occur in some tissues. The physical dimensions 
of a specialized organ in which an «-emitter is concen- 
trated are likely to be of little importance in determ- 
ining the tissue dose, at least as compared with 
energetic $-emitters. 

It is interesting that both the iris and choroid 
of dogs given radium or mesothorium or radio- 
thorium show pathological changes. Plutonium is 
less effective. The iris becomes depigmented and 
there is a loss of iridescence in the fundus of the eye 
due to changes in the tapetum lucidum with develop- 
ment of an albuminuric choroiditis in some dogs’. 
The concentration of radium retained in the eye is 
more than thirty times that in plasma and most of 
this is in the eye tissues rather than in the fluids”. 
These elements may be concentrated in the dog 
choroid in some analogous way to zinc, the concentra- 
tion of which in this tissue is 8-8 mgm./gm. dry- 
weight". The iris of dogs receiving strontium-90 
daily for many months may also lose its pigment”. 

Animal experiments may give invaluable evidence 
about the metabolic pathways of toxic materials ; but 
they cannot give quantitative information about 
tissue retention in man. It has often been supposed 
that if the relative concentrations of the stable 
isotopes of different elements in human tissues were 
determined, the results would give quantitative 
information about the relative concentrations to be 
expected in different tissues if men were chronically 
exposed to radioactive isotopes of the same elements. 
Perhaps because such a principle seems self-evident, 
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no experimental verification seems ever to have 
heen attempted. Some observational support for the 
principle may be found in the general similarity 
between the relative concentrations in different parts 
of the rabbit’s eye of strontium-90 as reported here, 
and of stable strontium as found by Sowden and 
Pirie. The concentration of stable strontium in 
human bone is known!%, and if its concentration in 
rabbit bone is similar, as the concentration in the 
eyes of the two species is’, the results reported here 
may be directly applicable to men. 


Summarizing: (1) All parts of the rabbit’s eye, 
except the lens, accumulated strontium-90 to a 
greater degree than striated muscle, a representative 
soft tissue. The pigmented parts accumulated most, 
the iris with ciliary body having 0-5 per cent of. the 
concentration in the femur at 9-30 days when 
redistribution was approaching completion. 

(2) There were much bigger differences between 
physiologically different parts of the eye in their 
retention of yttrium-91 than in their retention of 
strontium-90. 

(3) Yttrium-90 and strontium-90 were rarely in 
equilibrium in any part of the eye at any time after 
administration of an equilibrium mixture. The 
retina maintained the largest excess of yttrium-90, 
especially after daily administration of strontium-90, 
although its direct uptake of yttrium-91 was small, 
This difference may be due to a difference in chemical 
form between the yttrium-91 injected and _ the 


yttrium-90 liberated within the body. 
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(4) Unexpected accumulations of radioactive 
isotopes of trace elements may be found in specialized 
organs of small bulk. These may then need considera- 
tion in setting maximum permissible levels. 


Thanks are due to Mr. T. E. F. Carr for standardiz- 
ing a solution of strontium-90, to Mr. R. H. Watts 


for technical assistance, and to Miss E. Flynn, 
Mr. G. Herring and Mrs. E. Ramsden for helpful 
discussions, 
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A CHEMICAL BASIS FOR THE CLASSIFICATION OF GLUME 
COLOUR IN NIGERIAN CULTIVATED SORGHUMS 


By W. R. STANTON, T. B. MILLER and D. L. CURTIS 


Regional Research Station, Ministry of Agriculture, Samaru, 
Zaria, Nigeria 


e Nigerian sorghums the phenotypic expression of 
glume colour ranges from black through shades of 
mahogany and red to straw. An objective description 
of these colours would be of value in the classification 
of sorghum types’, and accordingly a preliminary 
investigation of the chemistry of these pigments has 
been undertaken. 

The material was obtained from a sample survey 
carried out in Northern Nigeria during 1957-58. Most 
sorghums mature after the rains, in November and 
December, and samples were collected during the 
dry season when the aerial relative humidity values 
rarely exceed 40 per cent and are often very much 
lower. Although it is known that grain and glume 
colours do fade over long periods, no changes were 
observed in the material received early, and it is 
unlikely that samples received later had altered since 
their collection. 

Milled samples of the dried glume tissue were 
extracted with 0-1 N hydrochloric acid and examined 
according to the scheme of Robinson and Robinson? 
for the identification of flavonoid pigments. On 

_ &xtraction with amyl alcohol the pigments passed 

: Into the organic phase. Hydrolysis with 12 N hydro- 
thloric acid did not alter the partition between amyl 
alcohol and water. 


One-dimensional paper chromatograms were run 
on ethanol extracts obtained after 4-hr. extrac- 
tion in a Soxhlet apparatus. The chromatograms 
were developed by the descending technique using 
butanol/acetic acid/water (4:1:5). Attempts to 
purify the extract with ethyl acetate failed to 
improve the development and tended to alter the 
relative intensities of the spots. 

Fig. 1 illustrates the type of chromatogram pro- 
duced. Up to three discrete spots occur with the 
following Ry values: spot 1, 0-76—0-80 blue-purple ; 
spot 2, 0-89-0-93 red; spot 3, 0-95-0-99 brown. 

All samples, other than ‘straw’ and ‘white’, so far 
examined gave spots 1, 2 and 3 or 2 and 3. No spots 
were visible with Ry values below 0-76 in the visible 
or in ultra-violet light. Treatment with ammonia 
intensified all spots and examination under ultra- 
violet did not assist differentiation appreciably. 

As control pigments, extracts of fresh petals from 
Pelargonium zonale Ait. and Petunia hybrida Vilm. 
(purple) were used. The pelargonidin and petunidin 
spots showed Ry values corresponding to those 
reported by Geissman*. Extracts from pigmented 
glumes of millet (Pennisetum typhoides Stapf. and 
Hubbard) produced a blue spot of Rr 0:52. Extracts 
of this pigment with 0-1 N hydrochloric acid showed 
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@ partition in favour of the aqueous phase on treat- 
ment with amyl alcohol. After hydrolysis this 
partition was reversed. 

These findings suggest that the pigment in millet 
glumes is a glycoside and that those of sorghum are 
aglycones. The Rp values of aglycones tabulated 
by Bate-Smith* tend to be higher than the values for 
the corresponding glycosides. It is conceivable that the 
glycosides in the glumes of sorghum have undergone 
glycolysis during maturation and storage of the plant 
material. 

In Table 1, the distribution of pigments, as desig- 
nated by spots 1, 2 and 3, is illustrated for nineteen 
different samples. The apparent differences in 
intensity have been shown on a plus scale. The 
homogeneity of the results from within groups indi- 
cates that differences in level are real, though the 
effect of maturity and other factors in the differences 
precludes an interpretation of the results on a quanti- 
tative basis. The glumes from replicate heads of 


+ 


Fig. 1. Typical Cearene photogra) hed by reflected light. 
A, ‘black’ (NG 119); B, red (PL 11) as 


three samples, ZA 87, ZA 91, and AD 1, are given to 
illustrate the reproducibility of the chromatographic 
analysis within a sample. The table also incorporates 
the local names, glume colours according to the 
Quinby terminology and the agronomic groupings 
devised by Curtis® from a modification of Snowden. 
It will be seen that the most striking and conclusive 
feature of the chromatographic analysis is the presence 
or absence of the blue spot 1. This appears in all 
black and in the so-called dark mahogany samples. 
Variation occurs in the intensity within groups of 
spots 2 and 3, but this requires further examination. 
Pigmentation does not appear to be completely 
absent in the straw-coloured varieties though spots 
2 and 3 appear only after considerable concentration 
of the extract. 

It is not possible at this stage, for reasons given 
above, to correlate the results with quantitative 
effects of gene action. On the basis of the blue spot 
1 samples can be differentiated into two main groups. 
The chemical analysis provides an objective classifica- 
tion of samples the glume colours of which range from 
black through purplish-black and dark mahogany to 
mahogany. There is no evidence, so far, that the 
pigment system varies in different groups of Nigerian 
sorghum. The chromatograms obtained from samples 
in the different subseries of Snowden are strikingly 
similar. 

The work reported in this communication repre- 
sents part of a taxonomic survey of sorghum varieties 
which is being conducted by two of the authors 
(W.R.S. and D.L.C.). Acknowledgment is made 
to the Northern Nigeria Ministry of Agriculture for 
permission to publish these observations. 


‘soy, R., and Martin, J. H., “Advances in Agronomy”, 6, 305 


* Robinson, G. W., and Robinson, R., Biochem. J., 25, 1687 (1931). 
a Getgeeee. T. A., “Modern Methods of Plant Analysis”, 3 (Berlin, 


* Bate-Smith, E. C., Nature, 161, 835 (1948). 
* Curtis, D. L. (unpublished). 
* Snowden, J. D., “The Cultivated Races of Sorghum” (London, 1936). 
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LETTERS TO THE EDITORS 


PHYSICAL SCIENCES 


Recording Radio Signals from Earth 
Satellites 


SysTEMATIC recordings of radio transmissions from 
an Earth satellite for examination of the ionosphere 
can be used for providing also, for that particular 
observing site, the orbit data necessary for the pre- 
diction of transit times and the computation of 
jonospheric influences. For this purpose Doppler 
frequency shift measurements are particularly useful, 
and a system has been developed in this Laboratory 
whereby, with relatively simple equipment, the 
necessary information from 1958 8 2 (Sputnik III) can 
be recorded simultaneously with the intensity varia- 
tions which were previously reported'. The intensity 
variations and frequency samplings are displayed on 
adjacent cathode-ray tubes and photographed on 
35-mm. film moving vertically at a speed of 6 in. 
per min. A beat-frequency oscillator is used in the 
receiver and the audio output applied to the horizontal 
deflexion plates of a cathode-ray tube without a time- 
base to give a record of the intensity variations as 
shown at A in Fig. 1. The pulse modulation of the 
transmission is clearly defined, but the ‘fading 
pattern’ is also well delineated. 

For frequency sampling the same receiver output 
is applied to the circuitry of the other cathode-ray 
tube both to trigger a ‘single shot’ time-base (of 
adjustable speed and duration) which fires at a pre-set 
threshold, and simultaneously to apply a vertical 
deflexion of adjustable size. The result is a series 
of traces showing the frequency and wave-form of 
the incident signal as seen in Fig. 1B. An adjustable 
delay allows the time-base to fire at intervals suffi- 
ciently long to obviate overlapping of the samples. 
An audio signal—in this case 500 c./s.—is applied 
to the cathode-ray tube automatically each minute 
to serve as time marker and frequency calibration. 
The adjustments are such that one cycle on the record 
represents 100 cycles of beat frequency for ease of 
scaling. 

The central line on the record in Fig. 1 is the 
recorded modulation of Station WWV applied on a 
— indicator from a separate receiver as a time 
check. 

The total ‘Doppler shift’ of the 20,005 Mc./s. 
frequency is of the order of 1,000 cycles, so that the 
full frequency-range can be covered at good sensitivity 
while still maintaining reasonable selectivity. In an 
improved version of the recorder four cathode-ray 
tubes are used, enabling simultaneous recording of the 
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frequency and intensity variations of the second 
harmonic as well as the fundamental frequency. 
Alternatively, two additional intensity recordings 
ean be made as, for example, on two other aerial 
systems. A more accurate system of time marking 
has also been incorporated. 

This recording system has many good features in 
addition to its simplicity: it will give a satisfactory 
sampling on a keyed transmission and through quite 
severe noise and Morse interference ; the wave-form 
of the received signal is obvious on inspection of the 
record so that multiple or indirect paths are clearly 
indicated ; the experimental accuracy of the fre- 
quency determination can be increased to any extent 
required by adjustments to the time base, oscillo- 
graph and camera ; the receiver frequency is crystal- 
controlled so that, if the transmitter frequency 
stability is good, as indicated in this case by the 
consistency of results, the frequency at the central 
inflexion point will be the actual transmitter fre- 
quency and will indicate the time of closest approach ; 
the audio signal can be heard and the frequency 
display can be observed visually during the recording 
to give an immediate check on this time; a switch 
operated by a spring lock adjusted to the local transit 
period of the satellite makes the recording completely 
automatic subject to re-setting once a day; the 
records are easily analysed and the results plotted by 
relatively unskilled staff; the time of closest ap- 
proach is established also for the intensity record, 
facilitating interpretation of the pattern. 

With a series of records taken in this way it is 
possible to smooth out many of the deviations which 
occur in practice due to transmitter variations, 
ionospheric irregularities and recording limitations. 
In a Doppler record of a single transit the feature 
which can be derived most accurately is the slope of 
the Doppler-shift curve, 0F'/dt, at the point of closest 
approach, a particularly useful quantity for com- 
putation. From the values for a series of transits 
on a number of successive days it is possible to 
deduce the true value for an overhead transit, which 
again is @ simple case for computation, and also the 
location of the other transits with reference to the 
overhead position. 

The rate of change 0F/dt has a unique value 
depending on the height h and velocity V of the 
satellite and D, the angle between the orbital plane 
of the satellite and the corresponding zenithal orbital 
plane. 

It is therefore possible from the information 
obtained above to derive Vh curves for the overhead 
case and one other defined transit, and the inter- 

section of these curves will estab- 
lish the velocity and height of the 
satellite. Derivation of the necess- 
ary curves has been simplified by 
the use of the Silliac electronic 
computer in the University of 
Sydney. The values compare satis- 
factorily with those obtained by 
other means. 
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Ionospheric effects are more noticeable on the 
intensity record as changes in the fading pattern. 
These recordings have been carried out consistently 
since the end of August, in which time the orbital 
plane has rotated more than 360°, so that each transit 
has been observed in both day and night conditions. 
Analyses are now in progress to examine the effects 
on the transmission of the variation in satellite height 
and of seasonal, diurnal and irregular changes in the 
ionosphere. 

This work is the result of a combined effort by 
the staff of this Laboratory. 
G. H. Munro 
L. H. HeIsLeR 


Sydney Laboratory, 

Radio Research Board, 
Commonwealth Scientific and 
Industrial Research Organization, 
Electrical Engineering Department, 
University of Sydney. 

Jan. 23. 


1 Munro, G. H., and White, R. B., Nature, 181, 104 (1958). 





The Samoan Artificial Aurora 


CuLutineton? has recently reported the observation 
of an aurora-like phenomenon to the south-west of 
Apia (Samoa) which appears to have been produced 
by charged particles arriving along lines of force from 
the site of an atomic explosion, at great altitude in 
the neighbourhood of Johnston Island, some 2,000 
miles distant. The interpretation of this phenomenon 
has been discussed in some detail by Fowler and 
Waddington’ and by Kellogg, Ney and Winckler*. 
Since the particles are clearly guided by the Earth’s 
magnetic field, the impact point for the particles, if 
we neglect the small drift in longitude, corresponds 
to the magnetic conjugate point for Johnston 
Island. 

If the geomagnetic field was of purely dipole char- 
acter, this conjugate point could be obtained in a 
straightforward manner from geomagnetic co-ordin- 
ates... The. two points would be on the same parallel 
of geomagnetic longitude and equidistant from, and 
on opposite sides of, the geomagnetic equator. How- 
ever, it is well known from cosmic ray observations 
that. the dipole representation is inadequate when 
considering the motion of charged particles in the 
Earth’s field. Kellogg et al. have therefore calculated 
the expected position of the aurora on the assumption 
that the two conjugate points will be symmetrical 
about the so-called cosmic ray equator. 

The behaviour of cosmic rays observed at the 
surface of the Earth is, however, determined by the 
geomagnetic field configuration all the way from the 
surface of the Earth to distances where the field 
ceases to be effective. The magnetic field lines con- 
necting: Johnston Island to Samoa, on the other hand, 
always lie within about 350 miles of the Earth’s surface 
and consequently we should expect a co-ordinate 
system based on the surface magnetic field para- 
meters to be more appropriate than one dependent 
on cosmic-ray observations. We have therefore 
calculated the position of the conjugate point on the 
assumption that it should have a magnetic inclina- 
tion of the same magnitude but opposite in sign to 
that of Johnston Island and that it should lie on the 
same magnetic meridian, defined by the direction of 
the horizontal component of the surface field. This 
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Fig. 1. A is the position at which the aurora would be expected. 


O and O’ are observed positions corresponding to a height of 50 
and 100 miles. Black triangle is position of aurora calculated by 
Kellogg et al. 


point is marked A in Fig. 1, which also shows the 
two lines of bearing between which the aurora was 
observed. The distance of the display from Apia is 
not known since the height of the display is uncertain. 
The elevation, however, is known to have been 12° 
and the two thick lines O and O’ correspond to the 
position of the display assuming that the aurora 
occurred at a height of 50 miles and 100 miles 
respectively. The predicted point would correspond 
to a height of about 70 miles, which is the most 
frequent height of occurrence of genuine auroral 
displays at high latitudes. 

The use of surface-field parameters clearly gives 
good agreement between the observed and calculated 
position of the aurora in this case. For high-latitude 
explosions, however, the guiding lines of force go out 
to great distances from the Earth and the surface- 
field values are no longer appropriate. In calculating 
conjugate points for high-latitude events it is necessary 
instead to use the co-ordinate system adopted by 
Quenby and Webber‘ to account for cosmic-ray 
phenomena. 

H. Exior 
J. J. QUENBY 
Physics Department, 
Imperial College of Science and Technology, 
London, S8.W.7. 
Feb. 17. 
* Cullington, A. L., Nature, 182, 1365 (1958). 
* Fowler, P., and Waddington, C. J., Nature, 182, 1728 (1958). 
3 “om, *- J., Ney, E. P., and Winckler, J. R., Nature, 183, 358 


* Quenby, J. J., and Webber, W. R., Phil. Mag., 4, 90 (1959). 
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New Bands and Lines in the Twilight 
Sky Spectrum 


Ar the Abastumani Astrophysical Observatory we 
have been making continuous observations of the 
twilight sky for seventeen years, with the view of 
studying the features of the Earth’s atmosphere’. 
In 1957, we began to study the twilight sky spectra 
by means of a grating spectrograph (grating 135 x 
90 mm.*, 1,200 lines/mm.; camera, f = 70 mm., 
dispersion 80 A./mm. in the red region). During the 


first positive system (mainly with the sequence 
Av = 3). Further, we have found two bands of a 
system which we believe was not hitherto known. 
These bands were identified recently by Le Blanc, 
Tanaka and Jursa? in a laboratory. 

The line Agbs, = 6707-1 40-5 observed by us 
probably corresponds to the line Apps. = 6708 + 1-5 
discovered by Delannoy and Weill** in the twilight 
spectrum. These authors identify this emission with 
the resonance line of Li (6707-86 A.). We regard this 
interpretation as probable, but apparently on our 
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year beginning December 1957, 67 spectrograms were 
obtained in the region 5400-6800 A., of which 29 
belong to the morning and 38 to the evening twilight. 
The well-known lines of oxygen, 146300-6364 A. [OT], 
5577 A. [O I] and the sodium D-lines 5890-5896 A.., 
are always present on these spectrograms. In 
addition, some new lines and bands appear perman- 
ently or episodically on them. Two such spectro- 
grams are reproduced in Fig. 1. Table 1 contains the 
wave-lengths of the lines and bands (Agps.), the num- 
ber of cases of their appearance (n) and the suggested 
interpretation. This is a preliminary interpretation 
in so far as in some cases the difference AA = Aobs.— A 
(is an accurate value of the line or band wave-length 
for a given atom or molecule) reaches the value of 
4-5 A., which exceeds the probable error of measure- 
ment Of Agps, (1-2 A.). Some additional systematic 
errors in the determination of Aops, may have occurred. 
They may be caused by the high intensity and the 
complicated structure of the continuous spectrum 
of the twilight sky, on the background of which one 
has to study faint lines and bands. 

_ There are some bands of molecules of N, and OH 
in Table 1. Ne is presented by the bands of the 


N, 6577 

e Ha 6563 
6364 OT 
6300 OL 


spectrograms the line fuses with the band N, = 
6704-8 A. 

Our observations are continuing. We intend to 
publish a fuller account of the observations and 
particularly to provide information on the height of 
the layers in which the glow mainly arises. 

I. A. Kuvostikov 
T. G. MEGRELISHVILI 
Abastumani Astrophysical 
Observatory, 
Mount Kanobili, 
Georgia, U.S.S.R. 
Jan. 16. 


1 Megrelishvili, T. G., and Khvostikov, I. A., Rep. Acad. Sci., U.S.S.R. 
(Doklady), 59, 7 (1948). Megrelishvili, T. G., Bull. Abastumani 
Astrophys. Obs., 9 (1949); Rep. Acad. Sci., U.S.S.R. (Doklady), 
116, 5 (1957). 

? Le Blanc, F., Tanaka, Y., and Jursa, A., J. Chem. Phys., 28, N 5, 
979 (1958). 

* Delannoy, J., and Weill, G., C.R. Acad. Sci., Paris, 247, 806 (1958). 

* Barbier, D., Delannoy, J., and Weill, G.,C.R. Acad. Sci., Paris, 247, 
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Density of the Upper Atmosphere 


AN important part of the International Geophysical 
Year Satellite Programme is 
the use of satellite orbital data 
for the deduction of atmos- 
pheric densities at very high 
altitudes. Several reports on 
preliminary results obtained by 
this method have _ recently 
appeared}?, 

Some years ago, I undertook 
an analysis of the density of 
the atmosphere to extreme 
altitudes* for use in connexion 
5607 with certain theoretical studies 


5577 OT 


Fig. 1, (a) Augus 22, 1958. Z = 97° 33’-101° 46’. (6) November 11, 1958. Z = 98°-101° 30’ Of extreme-altitude aerodyna- 
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DENSITY OF THE UPPER ATMOSPHERE (REF. 3) 





Altitude 
(km.) 


Model I 
Densi 





(gm./em.*) 


Model IIT 
Densi 





1,000 
Limit of 
atmosphere 

200 

300 

400 

500 

600 

700 
1,000 
Limit of 

atmosphere 








herd Gh beeinkorrirer t+ 
SS Seesssese 


Semana cee 


= 





RASA 
x x RX KKK KX 


cCnwe 


PESEBSE 


mad 
m OD 





— 
ra 


~ 


TNH Oe OMe oN 


Srwrnwactrm 


SELSHSkSs Seasssese 





Sx xX XKXXX 
S 


XKXKXKKXKX 
ed el ed hd ed ld 


T 


km.) | 


3 





March 21, 1959 


Propagation of Finite Elastic Waves 
in Rubber 


THE propagation of finite waves in fluids or solids 
generally presents considerable difficulty, both 
theoretically and experimentally. In _ rubber-like 
materials, however, the experimental difficulties are 
greatly reduced ; for example, a finite pulse of un- 
loading may be propagated simply by stretching a 
rubber strip and letting go of one end. A theory of 
this ‘free retraction’ has been given by James and 
Guth! and tested experimentally by Mrowca, Dart 
and Guth*. The retraction process is considered ag 
the propagation of a stress pulse from the released 
tip to the fixed end, the tip itself retracting with 
such a velocity that the specimen achieves its un- 
strained state at the instant that the pulse reaches 
the fixed end. 

High-speed cinematographic pictures (at about 
2,500 frames/sec.) have confirmed this mechanism 


VoL. 183 


Table 2, COMPARISON OF UPPER ATMOSPHERE DENSITY 





Altitude 
(km. 


Sterne (ref. 1) 
nsity 
(gm./cem.*) 


Harris and 
Jastrow (ref. 2) 
Density 
(gm./cm.*) 


| 


Grimminger (ref. 3) 
Density (gm.j/cm.*) 





Model IIT 





Lat. 45° 





o- 13 


40x1 
1-4 x 10-* 














x 10°" 
x 107 
x 2078 
x 
x 


18+ 
2: 
10- 
7° 
1° 


107% 
10-%* 

















mics. The analysis provided density values ex- 
tending to the outer limit of the atmosphere. 
The density values at selected altitudes from ref. 3 
are shown in Table 1. These are compared in 
Table 2 with the recently inferred values. 

The recent values are derived by somewhat indirect 
methods and are subject to certain errors previously 
diseussed!*. However, they do have the important 
advantage of being derived from observational data ; 
whereas the values from ref. 3 especially for altitudes 
above 300-400 km. are based to a large extent on 
conceptual models. It is not clear what latitude 
should be used for purposes of comparison, or whether 
the average of the values at latitude 45° and latitude 0° 
would be most appropriate. Or possibly the values 
for latitude 45° may be accepted as representative 
of the average value around the Earth (that is, the 
average from latitude 0° to latitude 90°). Regardless 
of these uncertainties, it is seen from Table 2 that the 
recently inferred values generally fall within the range 
of values given in ref. 3. In fact the agreement is quite 
close above 300 km. if the values for latitude 45° are 
used. It is worth noting that the relatively high 
values of upper atmosphere densities predicted 
in ref. 3 appear to be verified by the recently deduced 


values. 
GEORGE GRIMMINGER 


Directorate of Research and Development, 
Headquarters, U.S. Air Force, 
Washington, D.C. 

Jan. 28. 


* Sierne, T, E., Science, 128, 420 (1958), 
* Harris, I., and Jastrow, R., Science, 128, 420 (1958). 


*Grimminger, G., “Analysi mperature, Pressure and 
of the Atmos ng to Extreme Altitudes” 


Oorp., Santa Monica, California, 1948). 


Density 
(Rand 


fixed end 


qualitatively for natural rubber. Thus in the typical 
frame in Fig. 1, showing a specimen in the course of 
retraction from an extension of 300 per cent, the 
narrow portion of the rubber is stationary and still 
at the original extension while the wide portion is 
substantially relaxed and moving with a constant 
velocity. Quantitatively, however, the theory pre- 
dicted a velocity (H/p)!/* for the pulse based on the 
wave equation for infinitesimal strains : 


O7u 
£ ie: 


O2u 
Ou? 


where p is the density, while u is displacement and 
E Young’s modulus, both referred to the unstrained 
state. 

These velocities did not agree with observation, 
particularly for the more highly strained specimens. 
Mrowca, Dart and Guth found better agreement by 
taking the modulus from the slope of the stress strain 
curve at the extension used. This is formally equiva- 
lent to Taylor’s treatment* for the velocity of plastic 
waves. 

A different way of looking at the problem is to 
consider the unloading with respect to the stretched 


+ pulse -— free end 


Fig. 1. Retraction of natural rubber from per cent extension 





. 


vO FES -1BOU. 


March 21, 1959 


No. 4664 


100 














Time (m.sec.) 


Fig. 2, Analysis of the retraction process. —@—, Reference mar 
on specimen ; , unloading pulse 


material. It could then be anticipated that, provided 
the wave-front were not too steep, the head of 
the pulse would be propagated with the velocity of 
longitudinal waves of infinitesimal amplitude, 
i{ (00/0A)/p]2/2, o being the nominal stress and A 
the extension ratio. For natural rubber at room 
temperature there would be little frequency dis- 
persion, but amplitude dispersion would be expected 
to widen the pulse progressively because of the 
decrease in velocity as the material relaxes in its 
passage through the pulse. This is the converse of 
shock waves in normal solids‘. 

Detailed analysis of the film records has been made 
to check this point, the results for natural rubber 
retracting from 300 per cent extension being shown 
in Fig. 2. The passage of the unloading pulse is 
clearly defined, and it is apparent that there is very 
little dispersion. The pulse velocity here is 84 m./sec. 
and the pulse-width approximately 1-5 cm. (0-2 msec. 
in time) throughout. 

Direct measurements of the infinitesimal longi- 
tudinal wave-velocity in stretched rubber filaments 
have already been obtained in another context®, and 
Table 1 shows the relation between these values and 
the velocities of finite pulses observed in retraction 
for natural and butyl rubbers. 


Table 1. Vetoorrms of Frstre AND INFINITESIMAL WAVES IN 
STRETCHED RUBBER 





Finite pulse Infinitesimal wave 
Rubber Extension velocity velocity at 40° C, 


(per cent) (m./see.) (1 ke./s. m./sec.) 





Natural 
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It thus appears that the velocity of the head of 
the pulse is substantially the same as that of the 
infinitesimal waves, but the absence of dispersion is a 
paradox. 

This work forms part of the research programme 
of the Board of the British Rubber Producers’ 
Research Association. 

P. Mason 


British Rubber Producers’ 
Research Association, 
48-56 Tewin Road, 
Welwyn Garden City, 
Herts. 


1 James, H. M., and Guth, E., Phys. Rev., 66, 33 (1944). 

* Mrowca, B. A., Dart, 8. L., and Guth, E., J. App. Phys., 16, 8 (1045). 
3 Taylor, G. I., J. Inst. Civil Eng., 26, 486 (1946); see also ref. 4. 

. ne “Stress Waves in Solids”, 178 (Clarendon Press, Oxford, 


5 Mason, P., J. App. Polymer Sci. (in the press). 


ENGINEERING 


Grinding at Super-Critical Speeds in 
‘Ball’ Mills 

In recent years the possibility of grinding materials 
in machines of the ‘ball-mill’ type, when running at 
speeds greater than the critical, has received some 
attention, and a number of machines operating under 
these conditions are in industrial use. 

The rather limited literature relating to the subject 
appears, in general, to support the view that the 
major part of the grinding process arises from the 
sliding which occurs between the mill shell and the 
charge, and is localized in this region. 

It would appear to be questionable, however, 
whether such localized action would produce a 
grinding effect comparable in magnitude with that 
obtained under sub-critical speed conditions, when 
grinding occurs between the greater part of the 
grinding elements in the charge, whereas a grinding 
effect of this order of magnitude appears to be 
obtained in practice. 

In view of this question the following observations, 
made upon a small-scale model mill running at 14 
times the critical speed and fitted with a transparent 
end cover, appear to be relevant and to throw some 
light upon the nature of the grinding process which 
occurs under these conditions. 

When running at above the critical speed, the charge 
in the mill oscillates within the mill shell in a 
pendulum-like manner; the oscillation being such 
that, as in Fig. la, the leading edge of the charge 
ascends to an altitude of about 45° above the horizon- 
tal, at about which position, owing to deceleration 
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Fig. 2 
of the charge due to slip at the mill shell, the leading 
part of the charge collapses and, as in Fig. 1b, falls as 
a coherent mass upon the lower portion of the charge. 

This falling mass of charge is shown clearly in the 
photograph, Fig. 2. 

This falling mass of charge gives rise to a heavy 
blow, and, in the case of a mill with an autogenous 
charge, or one in which the powder is in excess of 
that required to fill the void space between the grind- 
ing bodies, this blow could produce a grinding effect 
which could well be in excess of that arising from 
the sliding between the charge and the mill shell. 

It is also of interest to notice that the descending 
charge falls upon the remainder of the charge and is 
not projected upon the mill wall. Thus the condition 
in which the charge impinges upon the mill liners, a 
condition which gives rise to excessive liner wear, 
does not arise. 

It has also been observed that, under certain 
conditions, the slip occurs not at the mill shell but 
between the charge and the first layer of balls. It is 
possible that, if this condition could be maintained 
in practice, wear of the mill liners could, even with 
super-critical speed milling, be reduced to a magni- 
tude comparable with that encountered in sub-critical 
speed milling, 

H. FE. Rose 
King’s College, 
University of London. 
M. D. TrRBOJEVIE 


University of Belgrade. 
Feb. 13. 


METEOROLOGY 


Poisson’s Law and the Frequency of 


Hurricanes 
Porsson’s law, or the ‘law of small probabilities’ 
as it is sometimes called, is used at times for describing 
the probabilities that no, one, two, etc., particular 
events of a relatively infrequent character will occur 
in a single year. It has been used in the estimation 
of the probability of one or more hurricanes striking 
a given area, say, New England, in a year. The 
purpose of this communication is to point out weak- 
nesses inherent in this treatment, and to suggest one 

or more alternative approaches. 
In the development of Poisson’s law, it is assumed 


that the occurrence of a single event of the specified 


sort neither increases nor decreases the probability 
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of occurrences of another eveni of the same sort. 
Thus in the use of Poisson’s law in the estimation of 
the probabilities of hurricanes, it is tacitly assumed 
that the arrival of a single hurricane in the specified 
region neither increases nor decreases the probability 
that another hurricane will strike the region in the 
near future. Im other words, hurricanes striking a 
given area are considered as entirely independent 
events. This would imply that such a thing as a 
trend or regular pattern does not exist. : 

There are two types of arguments which could be 
used for supporting the idea of a trend in hurricanes, 
In one, it is argued that once a hurricane has passed 
through a region, the energy available to feed a 
hurricane has been diminished, and there is less chance 
of a hurricane striking the area than previously. 

In the other thesis, one would argue that the 
arrival of one hurricane demonstrates that conditions 
are favourable for such an occurrence, and that 
therefore the probability of the arrival of another 
hurricane in the area is greater than previously. 
The latter argument appears likely to have the 
greater appeal to those meteorologists supporting the 
idea of a trend. 

As a particular case, consider the Caribbean 
hurricanes striking New England, which is here taken 
as that part of the United States east of the Hudson 
River and north of Long Island Sound. Observational 
data, which are not necessarily complete or entirely 
accurate, indicate that twelve hurricanes have moved 
into this area in 320 years (up to 1953). This can be 
used as the basis of a Poisson distribution : 

l1 = e7(1 4 + 22/2 + 23/6 + - ete.) 
where the successive terms on the right represent the 
probabilities of no, one, two, etc., hurricanes striking 
in a single year. Thus for Caribbean hurricanes 
striking New England : 


ze-2 


which gives z = 0-039 and e-z = 0-96175. Hence, 
according to Poisson’s law, the probabilities of no, 
one, two, three hurricanes in New England in a single 
year are 0-96175, 0-03750, 0-00073, 0-00001 re- 
spectively. This would imply that New England 
will, on the average, have a year with two hurricanes 
about every 1,370 years, a year with three hurricanes 
once in & hundred thousand years. The year 1954 
provided the area with enough two-hurricane years 
for more than a thousand years and came near 10 
supplying a three-hurricane year. (‘Hazel’1954 passed 
somewhat to the west of the Hudson River.) Yet 
another hurricane flooded New England the following 
Sia ages . . . . ° 
Looking again at Poisson’s law, it is seen that it 
says two things: (1) that the sum of the probabilities 
is one which means that there will certainly be no 
hurricane or one hurricane or two hurricanes, ete., in 
a year; (2) that the ratio between consecutive terms, 
say, between the (n + 1)st and the nth is z/n, or mn 
other words, the ratio of the probability of » hurri- 
canes in a year to the probability of (n — 1) hurr 
canes in a year is only slightly greater than I/n 
of the probability of one hurricane in 4 year. : 
This last statement gives a clue to a possible 
approach to the problem of deciding whether a trend 
exists. When observations have been made over 4 


sufficiently long period to determine approximately 
the frequency of years with no, one, two hurricanes, 
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the ratios of the frequencies, Fy; fi F, can be 
taken as approximations to the ratios of the prob- 
abilities, Po: 1:2. One can then ask: Is 2P,/P, 
approximately equal to P,/P, ? If the first ratio 
js significantly different from the second, Poisson’s 


law cannot be used in this problem with any 


confidence. 
If Poisson’s law is not to be used, what can be 


done? Clearly the sum of all the probabilities must 
remain 1; the only thing which can be changed 
is the ratio between consecutive terms. If experience 
shows that the consecutive terms in Poisson’s law 
diminish too rapidly, that the law indicates fewer 
two-hurricane years than usually occur, the ratio of 
consecutive terms should be increased, perhaps from 
‘i to 2 as & first trial. The series of probabilities 
corresponding to this assumption is: 
l=V(ltz2t+2+... +274...) 

where V chosen so that the sum of all 
tems on the right is 1. But for small values of z (a 


standard restriction imposed in the use of Poisson’s 


law) ; 


must be 


22 2. 2? SS 


a7(3 ==) 


Hence V = (1 — z) and the series becomes : 


(il -s fey se ts FP 

To use this with the data for New England hurri- 
canes, (1 — 2)z = 3/80 = 0:0375 and z = 0:0390. 
The corresponding sequence of probabilities is 
(96098, 0-03750, 0-00146, 0-00006. According to 


this, the probabilities of two-hurricane years and 
three-hurricane years are approximately double and 


six times the corresponding probabilities as estimated 


by Poisson’s law. 
But even this may not match the actual frequency 


of two-hurricane and three-hurricane years. To 
increase the ratios between consecutive terms even 


more, One may try: 


P= W(l + 2 + 22? + de® +... + NZ +...) 
Then W = (1 — z)?/(1 — 2 + 2?) and the sequence 


becomes : 


(1 —z)? 


F818 
~ ~ 


l= (le 22? + Se? = 0s NA Ss) 
Applying this to the above data for New England 

hurricanes : 
2(1 — z)? 


l-z+2! 
and the sequence of probabilities is 0-95920, 0-03750 
0.00293, 0-:00034. This sequence provides prob- 
abilities of two- and three-hurricane years four 
and thirty-six times those given by Poisson’s law. 
Recalling that New England has had one year with 
‘wo hwricanes in about 325 years, the probability 
of a two-hurricane year can, on the basis of past 
experience, be taken as about 0-003. This is equal 
to the largest value of the corresponding probability 
of the three given above. 
_ This suggests that with the arrival of one hurricane 
in New England, the probability of a second one 
within the year is somewhat greater than was that 
of a first one, say, four times as great. This may be 
counted as evidence that there is such a thing as a 
rend in hurricanes. Even the slightest evidence of 


regularity is encouraging, since it implies there is 


= 0:0375 and z = 0:039095 
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hope that some day, with a better understanding of 


hurricanes, their motions can be predicted with 
greater certainty. 
Cuartes H. Suitey 
Ladd Observatory, 
Brown University, 
Providence 12, 
Rhode Island. 


Jan. 22. 


CHEMISTRY 


Potentiometric Titration of Coal in a 
Non-Aqueous Medium 


Brooks and Maher! have determined the groups in 
a wide range of Australian coals which contain acidic 
oxygen by titration of a suspension in anhydrous 
ethylenediamine, using sodium amino-ethoxide in 
ethylenediamine as the titrant. They used two 
antimony electrodes, one in the reaction medium and 
the second built into the burette tip, where it was 
washed continuously by the titrant. The use of the 
basic solvent ethylenediamine permitted the titra- 
tion of carboxylic acid groups and probably the more 
strongly acidic phenolic groupings, though Fritz and 
Keen’ state that some substituted phenols are too 
weakly acidic to be titrated, as are some polyhydric 
phenols such as resorcinol and catechol, where no 
definite end-point can be located. However, accord- 
ing to van der Heijde and Dahmen*, increased 
basicity of the solvent does not lead to an increased 
apparent acidity of weak (that is, non-levelled) acids. 
If there is any influence at all it works in the opposite 
direction. 

In the present work -butylamine has been used 
as the solvent and sodium methoxide in benzene/ 
methanol solution as the titrant. The apparatus was 
essentially that of Brooks and Maher’, with the 
exception that the electrode in the burette tip was of 
platinum—10 per cent rhodium alloy instead of anti- 
mony. The platinum-rhodium electrode was connected 
to the positive terminal, and the antimony electrode in 
the reaction medium to the negative terminal, of a Pye 
‘Master’ pH meter, both leads being screened and 
earthed. Under the conditions used by Brooks and 
Maher the addition of titrant resulted in a fall in 
e.m.f. and it was necessary to allow a period of at 
least 1 hr. after the addition of the solvent to the 
coal for equilibrium to be reached before the start 
of the titration. With n-butylamine, however, a 
maximum of 15 min. stirring was all that was 
necessary before a constant mV.-reading was obtained 
and the titration started. The platinum-rhodium 
versus antimony electrode combination results in an 
initial e.m.f. of between —400 and —500 mV., which 
becomes increasingly negative as the titration 
proceeds. ; 

A number of British coals, ranging in rank from 
201 to 902 and in carbon content from 92 to 79 per 
cent, have been titrated. The quantitative results 
are set out in Table 1 and two of the curves obtained 
when the volume of titrant is plotted against mV. 
are shown in Figs. 1 and 2. While the high-rank coals 
of more than 90 per cent carbon show little or no 
differentiation and a low content of titratable acidity, 
the lower-rank coals show interesting qualitative 
differences. The shape of the curves (though not the 
titre) is the same for coals of the same rank, and 
the differences between coals of different rank are 
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apparently indicative of changes in structure. How- 
ever, the interpretation of these titration curves is 
difficult since the occurrence has been reported‘ of 
anomalous curves due to acid—anion association and 
also because of the possibility that internal hydrogen 
bonding® will lead to enhanced acidity. Evidence of 
the existence of hydrogen-bonded phenolic hydroxy] 
groups in a number of coals has been put forward 
by Brown and Wyss‘. 

The determination of the phenolic hydroxy! groups 
in coal has been carried out by Wyss’ using an 
acetylation method. He found that the proportion 
of the. total oxygen present as acetylatable hydroxy] 
groups varied between 35 and 44 per cent for coals of 
carbon content ranging between 77 and 89 per cent, 
and that above 89 per cent carbon there was 
a sharp drop in this proportion to 10 per cent or less. 
In the present work the range is wider, coal of 
79-86 per cent carbon showing a proportion of 
30—49 per cent of the total oxygen present as titrat- 
able acidic groups. There is some indicatior also 
that the higher proportions are localized in the range 
84-86 per cent carbon in agreement with the work 
of Mazumdar*. The results for the high-rank coals 
(Nos. 1-6) are higher than those obtained by Wyss ; 
but the accuracy is doubtful because of the low 
titres involved and the consequent enhanced effect 


of the blank correction. 
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Work is proceeding on a wider range of coals and 
with alternative titrants in an effort to improve the 
precision of the method. 

W. J. S. Prinere 
National Coal Board, 


Coal Survey Laboratory, 
Birmingham. Feb. 5. 


1 Brooks, J. D., and Maher, T. P., Fuel, 36, 51 (1957). 

* Fritz, J. S., and Keen, R. T., Anal. Chem., 25, 179 (1953). 

* Van der Heijde, H. B., and Dahmen, E. A. M. F., Anal. Chim. Acta 
16, 378 (1957). 

* Van der Heijde, H. B., Anal. Chim. Acta, 16, 392 (1957). 

* Harlow, G, A., and Bruss, D. B., Anal. Chem., 80, 1833 (1958). 

* Brown, J. K., and Wyss, W. F., Chem. and Indust., 1118 (1955). 

7 Wyss, W. F., Chem. and Indust., 1098 (1956). 

* Mazumdar, B. K., Bhamgale, P. H., and Lahiri, A., J. Sci. Indust, 
Res. (India), 158, 44 (1956). 


Electrolytic Deposition of Beryllium 


BERYLLIUM is of interest in the atomic energy 
field because of its low absorption and high scattering 
cross-section for thermal neutrons. The metallurgical 
properties and nuclear applications of the metal have 
been reviewed recently'. The electrolytic deposition 
of beryllium from solutions of beryllium compounds 
in organic solvents* and in liquid ammonia? has been 
studied. In the most recent work‘, published 
immediately before completion of the present 
investigation, coherent deposits of beryllium of up 
to 95 per cent purity were obtained during the 
electrolysis of a solution containing dimethy] beryllium 
and beryllium chloride etherate in ethyl ether. 
Deposits obtained from this bath were superior to 
the powdery deposits obtained by electrolysis of 
2-8 M solution of BeCl,.2(C,H,),0 in ethyl ether. 
Although one of the commercial methods of manu- 
facturing beryllium involves the high-temperature 
electrolysis of beryllium chloride’, in alkali halide melts 
the possibility of recovery and electro-refining of 
scrap metal by anodic dissolution and cathodic 
deposition has received little attention. 

In the present work a number of non-aqueous 
systems have been examined with the view of finding 
a system from which coherent coatings of high-purity 
beryllium could be obtained on electrolysis. 
anodic dissolution and cathodic deposition of 
beryllium in molten salt baths has also been 
studied®. 

All organic solvents were dried for long periods over 
an appropriate desiccant and distilled before use. 
Gaseous ammonia was condensed over sodium 
before distillation into the electrolysis cell. Commercial 
grade beryllium chloride was purified by reaction 
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ELECTROLYSES IN SOLUTIONS CONTAINING BERYLLIUM 
CHLORIDE AT 20° 0, 


No. 4664 


Table 1. 





Cathodic 
current 
density 

(amp. dm.~*) 
1-0-5-0 
0-015 


Deposits obtained on 
electrolysis 


Solvent 





Black reactive deposits 


Grey metallic streaks 
containing beryllium 
Grey metallic streaks 
containing beryllium 


Black tarry deposit 
Black non-metallic de- 


osit 
Black non-metallic film 


id ammonia 
ree) 
Piperidine 
Pyrrole 0-015-2-0 
Aniline ) 0-15 
| Bthylenediamine 1-0 


Ethylenediamine + 1-0 
| NH,C\S . 
Methyl cyanide 1-0 








Gassing at electrodes— 
no deposit 











ELECTROLYSES IN ETHEREAL SOLUTIONS OF BERYLLIUM 


Table 2. 
CHLORIDE AND BERYLLIUM DIMETHYL AT 20° C, 





Cathodic 
current 
density 

(amp. dm.~*) 


Deposit obtained on 


Solution electrolysis 





0-15 
1-0-2°5 


5 per cent w/v 
(CH s)s 
5 per cent w/v 
Be(CH,), with added 


5 per cent w/v BeCl, 0-2 
| 25 M BeCls.2(C,H,),0 1-0 


Smooth, brittle, black 
metallic deposit 
Black, flaky, metallic 
deposit containing 30 
hes cent berylium 
Shi 

fil 





ny, black metallic 


m 
Metallic flashes of 
beryllium 














with hydrogen at 300°C. to reduce ferric iron to 
non-volatile ferrous iron, followed by distillation. 
All transfer operations were carried out in an inert 
atmosphere in a glove box and the electrolyses were 
carried out in an atmosphere of pure, dry oxygen- 
free nitrogen or argon. Platinum or beryllium anodes 
and copper cathodes were used throughout. 

The results are given in Tables 1 and 2. Only 
traces of black, non-metallic deposits were obtained 
in liquid ammonia solutions of beryllium chloride, 
in agreement with the observations of Wood and 
Brenner‘. The solubility of beryllium chloride in 
piperidine, pyrrole, aniline and ethylenediamine 
was low (20-30 gm./l.). Although the grey streaks 
obtained on the cathode during prolonged electrolyses 
(several days duration) in piperidine and pyrrole 
were shown by spectrographic analysis to contain 
beryllium and appeared metallic under the micro- 
scope the results were not sufficiently encouraging 
to warrant extended investigation of these systems. 
Electrolyses carried out in solutions of beryllium 
dimethyl and mixtures of beryllium dimethyl and 
beryllium chloride in ethy] ether led to the preparation 
of smooth black coatings. These deposits, although 
lustrous when examined microscopically, were impure. 
The coatings obtained during the electrolyses of 
2-5 M solutions of the compound Be2C1,.2(C,H;),O in 
ethyl ether were more lustrous than those obtained 
above but were still impure. 

By far the most promising results were obtained 
from the beryllium chloride etherate bath at 150° C. 
Prolonged electrolysis (7 days) was necessary before 
bright, thin films of metallic beryllium were obtained. 
lhitially, gassing occurred at the electrodes followed 
by the appearance of powdery deposits and finally 
coherent films. Spectrographic analyses indicated 
that only beryllium was present in these coatings. 

impurities iron, nickel and aluminium norm- 
dh pees with beryllium were found to be 
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The anodic dissolution of beryllium in molten 


eutectic mixtures of lithium and potassium chlorides 
and sodium and beryllium chlorides at 400° C. was 


also investigated. Beryllium dissolved anodically in 
these baths with high current efficiency at current 
densities up to 50 amp. dm.-*, High-purity beryllium 
in the form of flakes was recovered at the cathode. 
Growth lines similar to those observed on electrolytic 


titanium deposited from fused chloride systems’ have 
been observed on the flake metal. 


We wish to thank Dr. J. Sackman for the 
preparation of samples of beryllium dimethyl for 
electrolysis and the United Kingdom Atomic Energy 
Authority for permission to publish this work. 

I, A, MENZIES 


D. L. Hr. 
L. W. OWEN 


United Kingdom Atomic Energy Authority, 
Atomic Weapons Research Establishment, 


Aldermaston. 
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Effect of Alkali Salts on the Steric 
Course of Hydrogenation of a Cyclic 
Allylic Alcohol 


INSPECTION of the literature reveals that hydro- 
genation of many, but not all, cyclic allylic alcohols 
gives products in which at least one hydrogen has 
been added to the same side of the molecule as the 
hydroxyl group. Thus, Schoenheimer and Evans? 
reported that hydrogenation of allocholesterol (I) 
in amy] ether solution in the presence of a platinum 
catalyst gave coprostanol (in unstated yield). <A 
re-investigation of this reaction was undertaken in an 
attempt to determine more precisely the influence 
of hydroxyl or other neighbouring groups on the 
stereochemistry of hydrogen addition. 


C,H 39 
ye 
Ly =f 
Ho’ no’ “nab 


(I) (11) aun 


It was found that cholestanol (III) and a hydro- 
carbon fraction were always obtained along with 
coprostanol (II) when allocholesterol was hydro- 
genated in ethanol solution in the presence of an 
Adams platinum catalyst. Yurther work showed 
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Catalyst 


Yields (per cent) 





Ill | Hydro- 
| carbon 





Adams catalyst 

Adams catalyst 

Catalyst A, pre-reduced 
and thoroughly washed 
with water 

— A, similarly 


Cc yea B, + NaNO, 
GC pe cent of catalyst 
ang in solution 
Catalyst B, + NaNO, 
’ (1 per cent) 





| 5 





Catalysts A, and A, were made by heating chloroplatinic acid and 
‘Analar’ sodium nitrate in the respective weight ratios 1 : 20 and 1 : 50 
at 420°C. for 1 hr., followed by washing with distilled water until 


sodium nitrate had been removed. 


Values of the polymer-solvent interaction constant 

uw are obtained using the Flory—Fox* equations : 
a — at = o’(1 Be Qu + e118) M112//, 
= [n]/[n]e 

where x is the chain-length of the polymer, /, 
is the molar volume of the solvent, and [»] and 
[y]e are the experimentally determined intrinsic 
viscosities in the solvent and ‘ideal’ solvent, 
vespectively. Values of yu obtained in this way (at 
25° C.), and taking* C’ = 3-0, for a polystyrene 
(Mw = 300,000) are given in Table 1. That these 
results are slightly higher than those of Bristow and 
Watson is in part attributable to their use of an Mn 
value. Also listed are some values obtained from 
swelling measurements® from another set of viscosity 
measurements*, from osmotically determined second 
virial coefficients‘ and from vapour-pressure measure- 


that the small amounts of sodium salts normally ments’. The agreement is reasonably satisfactory. 
present in Adams catalyst*-‘ greatly affected the The viscosity method should yield lower values than 
course of the reaction. either swellings or vapour pressures, and this is borne 
The highest yields of coprostano] were obtained out, particularly in the case of the solvents butanone 
by hydrogenation of allocholestero]l in the presence and n-propyl acetate. It is noteworthy that the 
of catalysts prepared in situ from the hydrated results reveal the expected* decrease of V, with 
dioxide obtained from the fusion process (cf. cata- increase of «, though the points scatter appreciably. 
lysts A). When sodium salts were removed by pre- 
reduction of the dioxide and washing, the yields of Table 1 
hydrocarbon (hydrogenolysis products) were increased si iNT ciel Ne ate 
largely at the expense of coprostanol (cf. catalysts B). Pins hese eae Gv ey fee eee 
The properties of the original catalysts A could Solvent | [n] uw | (Ref. nd Be (a) | (b) | (ec) 


apparently be reconstituted by the addition of small  (Ghioroform 1-070 0-459 | 0-429 | 0-43 | 0-452 | 





amounts of various sodium salts (cf. catalysts C). 
It will clearly be advisable in future work on the 
stereochemistry of olefin hydrogenation promoted 
by platinum catalysts to determine the effect of 
alkali salts, present extraneously or added delib- 


erately. 


M. C. Dart 
H. B. HENBEST 


The Queen’s University of Belfast. 


‘eb. 4. 
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* Keenan, C. W., Giesemann, B. W., 


Chem. Soc., 76, 229 (1954). 


and Smith, H. A., J. Amer. 


* Wicker, R. J., J. Chem. Soe., 2165 (1956). 


Cohesive Energy Density of 


Polystyrene 


Bristow and Watson! have recently described the 


Benzene 1-02 0-460 0-438 | 0-45) 0- oh 
Tetrahydro- | 

furan “02 0-460 — | 

Toluene : 0:453 | 0-432 | 

Dioxane ¢ 0-476 Pa " 

| Nitrobenzene | 0-493 _ 

n-Propyl 

acetate | 0- 0-507 —_- |_— 
Butanone ° | 0-511 0-506 | 

‘Ideal’ | 0405 | (0-519) — 





(a) From swelling measurements (ref. 3). 

(6) From viscosity measurements; [7]g calculated from [7] 9= 
73x 10° M's; Mw = 370,000. 

(c) From osmotic second virial coefficient ; Mw = 750,000. 

(d) From vapour pressure measurements (ref. 5). 


The dependence of » on molecular weight was inves- 
tigated at 25° C. in three solvents, and typical results 
are given in Table 2, together with some values 
derived from other work’. All reveal the same trend, 
namely, increase of ~ with decrease of molecular 
weight. A similar but rather small trend is shown by 
the values calculated from osmotic second virial 
coefficients, using the simple Huggins’s expression and 


determination of the cohesive energy densities of provided the term 2-'"? is taken into account (0-472, 
polymers by swelling and viscosity measurements. 0-481 and 0-484, respectively, in toluene). 

This communication summarizes the results of The cohesive energy densities are related, according 
viscosity measurements on polystyrene solutions to Huggins’, e. the equations: 

directed towards a similar end. The measurements =6 + V\(3, — 8,)/RT 

cover a slightly different range of solvents from that =P + eR 2) 

of Bristow and Watson, and in some solvents a range where 5, and ‘ are the values for solvent and polymer, 


of molecular weights has been investigated. 


Table 








Mw x 107° 


| 
| 
| 


respectively, and 8 is a further parameter. A plot of 


9 


4 





Solvent 





Benzene 
Toluene 
—- 


0-436 
0-440 


0-500 
(0-510) | 


1-83 
1-67 


0. 
0-58 | ¢ 


0- 
0- 
0:50: 
0-51 


0-587 
0-560 
0-355 
0-301 








* Mn by osmometry ; 


[n]g calculated from [y]g = 7-3 x 10-* M*", 





March 21, 1959 


(,/RT) — (u/Vi) against 3, gave 8, = 8-73 (cal./ 
cm.’)' from the present measurements on Mw = 
390,000. (The results in Table 2 reveal no dependence 
of 8, on molecular weight but measurements in a 
wider range of solvents are needed for this point 
to be substantiated.) Bristow and Watson found 
3, = 8-56 (cal./em.*)'/*. Both sets of measurements 
combined cover a range of 5, from 7-82 to 10-4 
(cal./cm.*)?/?, but the highest and lowest points deviate 
somewhat from the line. Omitting these we find 
3, = 8-76 (cal./em.*)'/* and 8 ~ 0-4. Viscosity meas- 
uwements interpreted in this way thus lead to a 
value of 75 + 2 cal./em.* for the cohesive energy 
density of polystyrene. 

I thank Mr. J. 8. Powell for some of the measure- 
ments. This work is published by permission of the 
Director of the National Chemical Laboratory. 


J. H. S. GREEN 


National Chemical Laboratory, 
Teddington, Middlesex. Jan. 14. 
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Biosynthesis of Rubber 


Bandurski and Teas! have shown that rubber in 
Hevea brasiliensis has its origin in acetate, although 
Park and Bonner* have been unable to repeat these 
observations, and could not show the incorporation 
of 8-hydroxy-8-methylglutarate or of §-methyl- 
crotonate into rubber. The acetate pathway, with 
its analogies in fatty acid and sterol biosyntheses, 
remains very attractive. Mevalonate has been incor- 
porated into rubber?; but Barlow and Patrick® 
were unable to show its incorporation after applica- 
tion to Hevea leaves and stems. Much of the acetate 
administered to Hevea seedlings is directed towards 
respiratory metabolism‘. The results of our experi- 
ments on incorporation of acetate and mevalonate 
cast some doubt on the validity of the conclusions 
of Bandurski and Teas. 

Hevea brasiliensis latex, freshly tapped from 
j-year-old trees growing under glass in Birmingham, 
was incubated at 28—-35° with sodium-1-™“C-acetate, 
sodium-2-“C-acetate and 2-C-mevalonic lactone, 
with and without the co-factors used by Band- 
urski and Teas'. The latex used was shown to 
be @ good source of co-enzyme A *, After investiga- 
tion of several different extraction procedures, the 
tubber was obtained finally as a poly-(dibromo- 
‘soprene) prepared by the method of Gowans and 
Clark*, The reproducibility of this method was 
checked by the infra-red spectrum of the micro- 
crystalline bromo-compound, which showed a strong 
absorption peak at 775 cm.-!, probably associated 
with the C—Br linkage’. Counting methods used 
comprised both gas-phase counting of carbon dioxide 
labelled with carbon-14 obtained by dry combustion 
m oxygen and solid counting on aluminium disks. 
Typical results, using sodium-1-"“C-acetate, are shown 
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Table 1. INCORPORATION OF ACETATE INTO RUBBER 





Poly-(dibromo- 
isoprene) 
Mixture incubated ¢.p.m, i 
rubber carbon 





Acetate + 0-1 ml. latex without co-factors 

Acetate + 1-0 ml. latex without co-factors 

Acetate + 1:5 ml. latex with co-factors + 
sucrose 





Bandurski and Teas (ref. 1) results : 
Acetate + 0-1 ml. latex without co-factors 
Acetate + 0:1 ml. latex with co-factors + 

sucrose 














in Table 1. It should be pointed out that even 
at the highest value obtained by Bandurski and 
Teas only 10-7 x 10-* umole of acetate had been 
incorporated into rubber in 8 hr. We have been 
unable to observe the incorporation in vitro of 
mevalonate into rubber with the aid of fresh latex. 

A search was made for other possible biosynthetic 
intermediates, notably (§-hydroxy-§-methylglutaric 
acid and 8-methylecrotonic acid, formed during the 
metabolism of sodium-1-“C- and -2-™C-acetate, by 
modifications of the method of Rabinowitz and 
Gurin’. After halting the reactions by the addition of 
metaphosphoric acid, carrier compounds were added 
to the incubated mixtures of latex and acetate. 


Crystalline compounds were isolated, purified by re- 


peated recrystallizations and paper chromatography. 
Paper autoradiography of the isolates failed to reveal 
any radioactivity associated with B-hydroxy-§-methyl- 
glutaric or 6-methylcrotonic acids. Similarly, after 
incubation of latex with labelled mevalonate, no 
evidence could be obtained for the formation of 
possible breakdown products (§-hydroxy-$-methyl- 
glutaric or §-methylecrotonic acids), as suggested by 
reactions catalysed with flax enzymes®; it appeared 
that most of the mevalonate remained unchanged. 

It is realized that the Hevea trees used in this 
investigation did not approach in size or latex yield 
the trees used by Bandurski and Teas, but it must 
be stressed that the role of both acetate and meval- 
onate as rubber precursors is by no means established. 
Until an overall carbon balance for the fate of these 
precursors when added to isolated enzyme and co- 
enzyme systems from latex has been completed, it is 
unlikely that a definitive assessment of the results 
of radioactive experiments can be made. 

We acknowledge the constant advice and interest 
of Prof. M. Stacey, and thank Dr. R. H. Cornforth 
for a sample of 2-'4C-mevalonic lactone, Dr. J. C. 
Bevington for help with radioactive measurements 
and the Dunlop Rubber Co., Ltd., for the award 
of a scholarship to one of us (P. J.). 


J. A. GAscoIGNnr* 
PATRICIA JONES 


Department of Chemistry, 
The University, 
Birmingham 15. 
Jan. 28. 
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Feulgen-Naphthoic Acid Hydrazide 
Reaction applied to Blood Smears 


HammaroLocicat use of Schiff’s reagent for the 
Feulgen reaction! has been described by Gardikas 
and Israels’. This technique, or minor variations of 
it, has been used extensively to identify the number 
of nucleoli in primitive normal or pathological leuco- 
eytes. There is a perinucleolar concentration of 
nuclear protein, but the nucleoli themselves are free 
of deoxyribonucleic acid. 

The method has one disadvantage in that deep 
staining cannot be obtained and smears must usually 
be examined for the specific red coloration with the 
aid of a green sub-stage filter. The purpose of this 
communication is to direct attention to the naphthoic 
acid hydrazide reaction described by Pearse**. A 
modification of Pearse’s method has been found to 
give excellent results with smears of blood or bone 
marrow from a number of species (man, horse and 
dog). The intensity of staining available with fast 
blue B is considerably greater than that available 
with Schiff’s reagent. The method is as follows. 

Fresh, air-dried smears are fixed for 30 sec. on the 
staining bridge with a solution consisting of 10 ml. 
of 40 per cent formaldehyde and 90 ml. of absolute 
methanol kept in the refrigerator at 0° C. The 
smears are rinsed in distilled water and then in 
N hydrochloric acid. Hydrolysis is performed at 
60° C. for 10 min. in N hydrochloric acid. After this 
the smears are again rinsed in N hydrochloric acid, 
in distilled water, and in 50 per cent ethyl alcohol. 
They are incubated for 5 hr. in naphthoic acid 
hydrazide at 20-22° C. made up as follows: 0-1 gm. 


2-hydroxy-3-naphthoie acid hydrazide (L. Light and 


Co.) is dissolved in 50 ml. absolute ethanol. 45 ml. 
distilled water and 5 ml. glacial acetic acid are then 
added. After incubation the slides are immersed in 
three changes of 50 per cent ethyl alcohol for 10 min. 
each, rinsed in distilled water, and stained in freshly 
prepared fast blue B at 0° C. for 3 min. prepared as 
follows. Fast blue B (G. T. Gurr) 5 mgm. dissolved 
in 0-1 M veronal buffer pH 7-4, 5 ml. The buffer is 
kept in the refrigerator in small jars of 5 ml. capacity 


Fig. 1. The Feulgen—naphthoic acid hydrazide reaction applied 
to a smear of horse bone marrow. Deoxyribonucleic acid stains 
bluish-purple. Cytoplasm stains faint pink 


March 2], 1959 


to which the fast blue B is added just before staining. 
The latter is performed in a Petri dish in the refrig- 
erator. The slides are then washed in distilled water 
and blotted dry. 

Using this technique Fig. 1 illustrates a typical 
group of cells from a horse bone marrow specimen, 
Deoxyribonucleic acid stains bluish-purple while the 
cytoplasm of the cells stains a faint pink. The 
smears are easily seen microscopically without light 
filtration and the distribution of the bluish-purple 
fast blue B stain is identical with that of the more 
usual Schiff reagent in the Feulgen reaction. 

R. K. ArcuEr 


VoL. 183 


Equine Research Station, 
Animal Health Trust, 
Newmarket. 
1 Feulgen, R., and R beck, Z., Z. physiol. Chem., 185, 203 (1924). 
* Gardikas, C., and Israels, M. C. G., J. Clin. Path., 1, 226 (1948). 
* Pearse, A. G. E., J. Clin. Path., 4, 1 (1951). 
‘Pearse, A. G. E., “Histochemistry” (Churchill, London, 1953). 





Destruction of Cortisone and Related Steroids 
by Traces of Copper during Purification 
Procedures 


WE wish to report the destruction of ygm. quanti- 
ties of cortisone and related steroids by traces of 
cupric ion and the prevention of such destruction by 
addition of ethylenediamine tetraacetic acid. 

In the course of developing paper chromatographic 
procedures for the purification and estimation of 
adrenal steroids in urine, poor recoveries of corti- 
sone and cortisol were obtained repeatedly. In 
addition, the simultaneous formation of several 
transformation products was observed. 

The cause of the destruction was traced ultimately 
to the glassware, which routinely had been washed in 
hot detergent solution (‘Diflex’), rinsed with distilled 
water, and dried in an oven. Analysis of the distilled 
water revealed the presence of approximately 1 mgm. 
of copper/l. Two 125-ml]. Erlenmeyer flasks received 
from the washroom on separate days contained 
2-7 and 3-0 ugm. copper. Special treatment of test- 
tubes with sulphuric acid—dichromate, followed by 
repeated rinsing with copper-free water obtained from 
a de-ionizer, greatly reduced the loss of added 
steroid but did not prevent it completely. However, 
the prior addition of a small amount of ethylene- 
diamine tetraacetic acid, even to tubes not especially 
pretreated, resulted in quantitative recoveries of 
added cortisone. 

In a typical experiment 4 ygm. of cortisone in 
10 ul. of methanol was added to each of three ‘Pyrex’ 
test-tubes, size 100 mm. x 10 mm., only the first of 
which had been washed in sulphuric acid—dichromate 
and rinsed with copper-free water. The second tube 
served as a control, and 50 ugm. of disodium ethylene- 
diamine tetraacetic acid in 0-5 ml. of methanol was 
added to the third tube. 1 ml. of methanol] was 
added around the sides of each tube, and then 
evaporated in a stream of carbon dioxide. After 
being allowed to stand for 3 hr. at room temperature, 
the residues were transferred individually with two 
25-ul. portions of methanol to spots on a 7-in. sheet 
of unwashed Whatman No. 1 paper. Cortisone 
standards of 0-5—4-0 pgm. were added in spots along 
the same line. Chromatography was performed by 
Bush’s' system C after an overnight equilibration. 
By a procedure similar to that of Neher and Wett- 
stein?, quantitation was done on the bases of blue 
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tetrazolium reduction and of soda fluorescence. The 

recoveries from the tube washed in sulphuric acid— 

dichromate and rinsed with copper-free water, that 

washed in the routine manner, and that washed in 

the routine manner and treated with 50 ugm. ethylene- 

diamine tetraacetic acid were 95, 62 and 100 per cent, 
tively. 

Destruction was accompanied by the appearance of 
three new spots on the chromatogram. One spot was 
at the origin, another was just below the origin, and 
the third spot had migrated 1-45 times as far as the 
cortisone. The derived substances absorbed illumina- 
tion at 254 mu and gave soda fluorescence, but in the 
quantities obtained they did not reduce blue tetra- 
zolium. Artefacts were not formed in detectable 
amounts from the fresh cortisone standards which 
were transferred from the stock solutions in methanol 
directly to the paper. However, in stock solutions 
which initially contained 4 ugm./10 ul., artefacts were 
detectable 2 weeks after they had been prepared. 
But in the presence of 10 ugm. of disodium ethylene- 
diamine tetraacetic acid per ml. of methanol, artefacts 
were not detectable in solutions of cortisone and 
cortisol 8 weeks after they had been prepared. 

The effect of addition of 1 ugm. copper (as cupric 
chloride) on cortisone and a number of related 
steroids was studied. All glassware was washed with 
acid and rinsed with copper-free water. 10 yl. of 
water which contained 1 ugm. copper was poured in- 
to a test-tube and taken to dryness in a desiccator. 
4 ugm. of steroid in 10 ul. of methanol was added 
and the sides of the test-tube were rinsed with 1 ml. 
of methanol. The remainder of the procedure was as 
described above. Recoveries of all steroids from 
such contro] test-tubes not containing added copper 
were essentially quantitative. The recoveries of 
cortisone and cortisol after addition of 1 pgm. of 
copper were 50 and 75 per cent, respectively ; recover- 
ies were quantitative when both 1 ugm. copper and 
50 ugm. ethylenediamine tetraacetic acid were added. 
lugm. copper caused considerable loss of 11-dehydro- 
corticosterone and smaller losses of corticosterone, 
aldosterone, and Reichstein’s substance S, but had no 
effect on 21-deoxycortisone. (Chromatography for 
evaluation of recovery of these five substances was 
performed by Bush’s system B, except that Bush’s 
system C was used for aldosterone.) The order of 
decreasing ease of destruction was as follows: 
cortisone > cortisol > 11-dehydrocorticosterone > 
corticosterone > substance S > aldosterone > 21- 
deoxycortisone. 

In order to determine the effect of ethylene- 
diamine tetraacetic acid on the recovery of a steroid 
from paper chromatography, 10-ygm. samples of 
cortisone were chromatographed (formamide-—chloro- 
form) along two 5-cm. lines on a sheet of Whatman 
No. 1 paper impregnated with 30 per cent formamide 
and 70 per cent acetone. When the solvent front 
was near the bottom of the paper, zones 6 cm. high 
by 7 em. wide containing the steroid were cut out 
and eluted chromatographically with 15 ml. of water. 
The water was extracted with three 5-ml. portions of 
chloroform. 50 ugm. disodium ethylenediamine tetra- 
aetic acid in 5 ml. of methanol was added to one 
chloroform extract, and 5 ml. of methanol to the other. 
The solutions were taken to dryness in vacuo, the 
tesidues were transferred to test-tubes with 2 ml. of 
methanol, and the solutions were taken to dryness in 
& stream of carbon dioxide. The residues were dis- 
solved in methanol and divided into one-, five- and 
ten-sixteenths, and taken to dryness in carbon dioxide. 
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After standing for a day, the residues were transferred 

to paper, chromatographed and evaluated as above. 

The recoveries in the experiments with and without 

addition of ethylenediamine tetraacetic acid were 

93 and less than 5 per cent. In similar experiments 

with cortisol the recoveries were 88 and 42 per cent. 

Detergent-washed glassware was used in these experi- 

ments. 

The presence of copper and other metals in filter 
paper and the use of 8-hydroxyquinoline for prevent- 
ing their interference in the chromatography of amino- 
acids have been described by Consden, Gordon and 
Martin*. Although we have not chromatographed 
cortisone or cortisol on paper containing chelating 
agents for metals, such a procedure might improve 
still further the recovery of these compounds. In our 
experience losses of cortisone and cortisol due to con- 
taminants obtained from the glassware have been 
much more serious than those due to contaminants 
obtained from paper. 

It seems probable that the destruction of cortisone 
and cortisol in the experiments involving the routinely 
washed glassware was due, at least in part, to copper. 
We think so because: (1) the distilled water and 
glassware contained significant amounts of copper ; 
(2) the addition of copper to specially cleaned glass- 
ware resulted in destruction of the steroids with the 
formation of transformation products of the same 
chromatographic mobility as those obtained from 
using ordinary glassware; (3) the addition of 
ethylenediamine tetraacetic acid prevented destruc- 
tion of the steroids under both sets of conditions. 

Frequently, copper is present in the water (natural 
or distilled**), tongs, vessels, or other apparatus 
used to clean glassware. It seems probable that the 
destruction of steroids by copper may occur in 
laboratories other than our own. 

We wish to thank Dr. Harold L. Mason for helpful 
suggestions during the course of this work. 

Marvin L. LEwWBART 
Vernon R. Matrox 
Section of Biochemistry, 
Mayo Clinic and Mayo Foundation, 
Rochester, Minnesota. Jan. 5. 
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Differential Effect of Phenothiazines 
on Oxidative Phosphorylation 


IN a previous communication! we directed attention 
to the biochemical effect of chlorpromazine on 
electron transport and the coupled phosphorylation. 
While studying related compounds we have observed 
that promethazine hydrochloride (10-(2-dimethyl 
amino-isopropyl) phenothiazine hydrochloride) exerts 
differential effects on the phosphorylations coupled 
to the reduction of cytochrome c by #-hydroxy- 
butyrate and by succinate. Table 1 shows that 
promethazine hydrochloride inhibits the phosphoryla- 
tion coupled to oxidation of §-hydroxybutyrate by 
30 per cent at 2 x 10-* and 4x 10-*M. At the 
latter concentration, electron transport is powerfully 
inhibited. The phosphorylation coupled to succinate 
oxidation is inhibited 50 per cent at 2 x 10-*M 
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Table 1. Errzct OF PROMETHAZINE ON OXIDATIVE PHOSPHORYLATION 





Concen- 
tration of | Oxygen 
prometh- | uptake 

azine x (ugm.- 

10-* M atoms) 


| 
Inhibition 
(per cent) 


Phos- 
phorus 
uptake 

(umoles) 


Substrate P/O 





F myareny- 
butyrate nil . 18°5 “ _— 
8-Hydroxy- 

butyrate 2 4 é . 33 
8-Hydroxy- 

butyrate 4 . ‘ 28 
Succinate % ‘ 4 — 

4 


Succinate 50 
82 


nil . . . - 
2 ' ; _ 100 


























ee Be rey 0-0017 M; potassium chloride, 
M; ulphate 0°0067 M ; cytochrome ¢, 2 x 10-* M; 
— inorganic orthop osphate buffer, oH 72,001 M; glucose, 

0-03 M; hexokinase go ution, 0-05 ml.’ Substrate 0-01 M. 

Enzyme systems : o B-hydroxybutyrate oxidation, mitochondria 
suspended in 0-5 ml. of 0-075 M sucrose, equivalent to 15 mgm. 
nitrogen. For succinate, Ba hay Ba ng 5 mgm. nitrogen were sus- 
pended in 0-5 ml. of 0 02 M phosphate, pH 7-2, 0:25 M sucrose, in 
which medium they were pre-incubated for 10 min. at 30° C. For ferro- 
cytochrome ¢c, mitochondria, 2 mgm. nitrogen, were added in 0-5 ml. 
0-075 M sucrose. 0-01.M ascorbate was added as reducing Ato 
Final vol. 3-0 ml. 

Encubation tem: 
succinate and 20° 


and essentially abolished at 4 x 10-* M, electron 
transport being little affected. A one-step oxidation 
was secured by pretreatment of mitochondria, as 
described by Hunter and Ford’. Table 1 also shows 
that the inhibitor abolishes the phosphorylation 
coupled to oxidation of ferrocytochrome c. 

The experiments recorded in Table 2 show that 
promethazine hydrochloride does not affect the 
efficiency of phosphorylation coupled to reduction 
of cytochrome c by 8-hydroxybutyrate, even though 
electron transport is inhibited by more than 50 per 
cent. In this respect it resembles chlorpromazine. 
When cytochrome c is reduced by succinate, however, 
the phosphorylation is abolished by 4 x 10-4 M 
promethazine hydrochloride. It follows that prometh- 
azine selectively inhibits two sites of phosphoryla- 
tion. One is that coupled to the oxidation of ferro- 
cytochrome c and the other that coupled to the span 
succinate—cytochromec. Promethazine hydrochloride 
also inhibits powerfully the **P-adenosine triphos- 
phate exchange reaction. This agrees with the similar 
action of chlorpromazine. The inhibition is partially 
reversed by addition of B-hydroxybutyrate, which 
has no effect on exchange in the absence of inhibitor 
(Table 3). The inorganic phosphate-level does not 
alter appreciably in these experiments. This result 


Systems : 


ratures were 38°C. for §-hydroxybutyrate and 
. for ferrocytochrome c oxidation. 


Table 2. EFFECT OF PROMETHAZINE ON PHOSPHORYLATION COUPLED TO 
CYTOCHROME ¢ REDUCTION 





Cyto- Phos- 
chromec}| phorus 
reduced | esterified 


(mye 
moles) 


Inhib- 
ition 


Prometh- 


Substrate azine 
(4x10~ M) 


mu P/O | 
moles) (percent)| 





pmparexy- 
yra 
8-Hydroxy- 
butyrate 
Succinate 
Succinate 38 _— 


63-2 


} 
1°87 _ 
} 


18-5 192 | nil 
53 0-28 _ 
100 | 























a. ns x ye sodium inorganic ortho- 
; elucose, 0-03 M ; hexokinase, 


raf 7M; * adenosine ‘oon? M: magnesium sulphate, 
067 A ; | ey reer Hoe chloride, * Ouse M; phosphorus-32 to an 
os ve! of 000 ¢.p.m. per umole ; where present, §-hydroxy- 
butyrate was added at a concentration of 0-01 M and succinate at 
a concentration of 0-033 M. Temperature, 20°C. Method of determ- 
ination of phosphate ag 2 that of Nielsen and Lehninger (ref. 3). 
Mitochondria (0-04 mgm. nitrogen) in 0-1 ml. of 0-075 M sucrose. 
Final vol. 3-0 ml. 
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Table 3. EFFECT OF PROMETHAZINE ON **P-ADENOSINE TRIPHOSPHATE 
EXCHANGE 


VOL. 183 





| 

Phosphorus-32 
counts/min. 
incorporated 

into adenosine 
triphosphate 


5,950 nil 


6,070 
2,025 66 


4,600 24 


Promethazine 
(2 x 10 M) 


Additions Inhibition 


(per cent) 





Nil nil 
30 wmoles B-hy- 

droxybutyrate nil 
Nil + 


30 umoles 
8-hydroxybutyrate + 




















System : Adenosine triphosphate, 0-0017 M; inorganic ortho- 
phosphate, es 7-2, 0-0033 M ; magnesiam sulphate, 0-0067 M; 
potassium 'c oride, 0-025 M; tris buffer pH 7:2, 0-03 M; verseas 
10° M; phosphorus-32, 15,000 c.p.m. (spec. act., 1,500 c.p.m 
umole). ime of incubation, 15 min. ‘emperature. 20° C. Mite 
chondria (1-0 mgm. nitrogen) added in 0-5 ml. 0-25 M@ sucrose, 


indicates that inhibition of the exchange reaction 
is not due to any uncoupling effect of the compound, 
and suggests that the greater part of the exchange 
occurs between the span reduced diphosphopyridine 
nucleotide — cytochrome c. 

At high concentration the phenothiazines are 
inhibitors of several flavoprotein enzymes, and we 
suggest that the difference in effect of promethazine 
hydrochloride on reduced diphosphopyridine nucleo- 
tide — cytochrome c reductase and succinate cyto- 
chrome c reductase reflects the difference in structure 
of the enzymes and lends support to the view that 
the flavoproteins themselves take part in the initial 
stages of the oxidative phosphorylation reaction. 

We should also like to direct attention to the 
specificity of action of these compounds on oxidative 
phosphorylation reactions. Hitherto no compound 
capable of stepwise inhibition of the respiratory 
phosphorylations has been described. 


J. D. Jupan 
K. R. Rees 
M. J. R. Dawkins 


Department of Morbid Anatomy, 
University College Hospital Medical School 
and Department of Biochemistry, 
University College, London. 
Jan. 13. 
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Condensation Products of Ethylene- 
diamine with Adrenaline 


Ir has been reported that adrenaline and noradrena- 
line are converted quantitatively into strongly 
fluorescent stable products by their reaction with 
ethylenediamine'*, and the fluorimetric separation 
determination of adrenaline and noradrenaline was 
devised by the use of two kinds of secondary filters, 
based on the difference of the fluorescence spectra of 
the condensation products of both catechol amines’. 

It was supposed that the separation of these con- 
densation products by chromatography or electro- 
phoresis and the determination of each fluorescence 
might be applied for the separation determination of 
adrenaline and noradrenaline on the basis of the 
ethylenediamine method. Starting from this point 
of view, we intended to separate the condensation 
products of adrenaline and noradrenaline by means 
of paper chromatography or paper electrophoresis, 
and encountered the unexpected result that one of 
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the by-products of the condensation reaction of 
adrenaline with ethylenediamine was identical with 
the main condensation product of noradrenaline. 

The sample of t-adrenaline (Merck Co.) used was 
examined by chromatography. When it was tested 
by paper chromatography using phenol containing 
15 per cent (v/w) 0-1 N hydrochloric acid as solvent‘ 
and coloured by potassium ferricyanide, only one spot 
appeared. Only one peak was also observed by IRC- 
50 column chromatography®. Therefore, the presence 
of noradrenaline in this sample could be excluded. 
Using this sample of L-adrenaline, the condensation 
was carried out. 

5yugm. of adrenaline dissolved in 10 ml. of 0-01 N 
hydrochloric acid were added to a mixture of 1 ml. of 
ethylenediamine monohydrate and 0-5 ml. of 2M 
ethylenediamine dihydrochloride, heated at 50° C. 
for 20 min. and extracted with 6 ml. of 7so-butanol as 
reported by Weil-Malherbe and Bone*. In order to 
concentrate the fluorescent derivatives, 5 ml. of the 
iso-butanol extract were condensed under reduced 
pressure at about 30° C. and redissolved with a small 
amount of water. This sample, containing the conden- 
sation products corresponding to about 0-3 ygm. of 
adrenaline, was placed on a strip of Whatman No. 1 
filter paper which was previously treated with 
0:5 N hydrochloric acid and then with 0-1 per cent 
ethylenediamine tetraacetate®. The paper strip was 
developed in the dark, and the condensation 
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products were examined under ultra-violet light. 
When the upper layer of n-butanol/ethanol/5 per cent 
Na,HPO,-12H,O (50 : 25: 30)? was used, the follow- 
ing three fluorescent spots appeared: weak violet 
fluorescent spot at Ry 0-32, yellow fluorescent spot 
at Rp 0-48, and bluish-green fluorescent spot at 
Rp 0-71. 


(When the concentration of adrenaline was 


increased, several other fluorescent derivatives 


appeared.) 

The violet fluorescent spot at Ry 0-32 was con- 
sidered to be derived from the substance contained 
in the filter paper. The reasons are as follows: 
(1) this spot could also be observed in the case of 
the blank test without adrenaline; (2) ethylene- 
diamine, when applied on the filter paper, formed 
& violet fluorescent spot which is easily extractable 
with hot water and has the same fluorescence spectrum 
as that of the extract from the spot at Rr 0-32. So 
this violet fluorescent spot was attributed to the 
reaction of ethylenediamine dissolved in iso-butanol 
with the substance contained in filter paper. 

The strongest yellow fluorescent spot, at Rp 0-48, 
was the main product which is specific for adrenaline. 

The bluish-green fluorescent spot at Rp 0-71 was 
considered to be identical with the main spot of 
noradrenaline derivatives as described below. 

In the case of noradrenaline, three spots were 
observed as follows: yellow fluorescent spot at Rr 
0-04, violet fluorescent spot at Rp 0-32, and bluish- 
green fluorescent spot at Rp 0-71. 

The strongest bluish-green fluorescent spot at 
Ry 0-71 was the main condensation product which is 
specific for noradrenaline. 

The identification of the bluish-green fluorescent 
derivative of adrenaline (at Ry 0-71) with the main 
fluorescent derivative of noradrenaline was further 
carried out by paper chromatography using the 
following different solvents: the upper layer of 
n-butanol/methanol/5 per cent Na,HPO,-12H,O 
(60: 15: 30)", the upper layer of n-propanol/n-but- 
mol/5 per cent Na,HPO,-12H,O (50:15: 30)’, 
butenol-saturated phosphate buffer at pH 6-08, 
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Relative fluorescence (per cent) 
= Sas 








1 n 4 


450 550 





o 


500 600 
Wave-length (my) 
trum of the main condensation product 


noradrenaline and that of the by-product 
amples 


Fig. 1. Fluorescence 

of ethylenediamine wi 

in the condensation of ethyienediamine with adrenaline. 

were dissolved in iso-butanol, and were excited by ultra-violet 

radiation (365 mu). The ordinate shows the relative intensity of 
the fluorescence 


n-butanol/conec. ammonia (9:1)*, and 5 per cent 
Na,HPO,-12H,0. 

In each case, Ry value of the bluish-green fluores- 
cent by-product of the adrenaline derivative agreed 
with that of the main noradrenaline derivative. 

Paper electrophoresis was also used to examine the 
products. The sample was placed on the anode 
side of a paper strip moistened with 0-05 M phos- 
phate buffer (pH 7-0) and 1 m.amp./cm. of constant 
current was applied in the dark. The violet fluor- 
escent band derived from the filter paper moved 
rapidly to the cathode. Then, the main product 
which fluoresced yellow moved more rapidly than the 
bluish-green fluorescent band, which has the same 
rate of mobility as the main product fluorescing 
bluish-green of noradrenaline derivative. 

As shown in Fig. 1, the fluorescence spectrum of 
iso-butanol extract of the bluish-green fluorescent 
spot of adrenaline derivative was identical with that 
of the main noradrenaline derivative. They agreed 
with that of the major product of noradrenaline 
reported by Nadeau and Joly®. 

pH-fluorescence curves of aqueous extracts of both 
derivatives were identical, as shown in Fig. 2. 

These results confirm the identity of the two 
bluish-green fluorescent substances. Accordingly, it 
was considered that the condensation reaction of 
ethylenediamine with adrenaline gave the main 
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Relative fluorescence (per cent) 











2 4 6 8 10 12 14 
pH 


Fig. 2. pH-fluorescence curve of the main condensation product 
of ethylenediamine with noradrenaline and that of the by-product 
in the condensation of ethylenediamine with adrenaline. The 
relative intensity of the fluorescence of the substance excited 
by ultra-violet radiation (865 mu) was measured at pH indicated. 
Samples were dissolved into 0-1 M glycine hydrochloric acid 

H 5-8), 0-1M cine sodium 


ip: 
(pH_ 1-4), 0-1 M_phosphate (p 
hydroxide (pH 9-13) buffers and 1 NV sodium hydroxide 
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condensation product of noradrenaline as one of its 
by-products. This fact indicates that the demethyla- 
tion of adrenaline occurs during the condensation 
reaction of adrenaline with ethylenediamine. 


Kunio Yacr 
Department of Biochemistry, 
TOSHIHARU NAGATSU 
Department of Neuropsychiatry, 
School of Medicine, 


University of Nagoya. 
Dec. 22 
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PHYSIOLOGY 


Pattern of Recurrent Conditioning of Spinal 
Reflexes 


Various functions have been suggested for the 
recurrent conditioning described by Renshaw’. 
Consonant with his view that the conditioning is 
“not obviously related to reciprocal innervation’’?, 
others have considered the widespread inhibitory 
action to serve & “generalized suppressor function’’? ; 
or to stabilize the impulse output in the stretch reflex 
at a slow rate*. As recurrent inhibition is prominent 
between the nuclei of two heads of a muscle or of two 
parts of a muscle group, it has been thought to help 
in the localization of stretch reflexes‘. Following 
the finding that recurrent facilitation is evoked by 
activity of the cholinergic motor axon collaterals‘, 
as is recurrent inhibition®, the distribution of these 
two actions has been re-examined. Contrary to some 
previous descriptions, it now appears that the distri- 
bution of recurrent conditioning displays an integrated 
pattern which is in some respects related to reciprocal 
innervation, 

All experiments were performed on acutely decapi- 
tate cats in which the carotid arteries were tied off 
and the vertebral arteries clamped. The dorsal roots 
were cut from L 3 or L 4 to S 3, and various roots 
were stimulated to elicit test monosynaptic reflexes 
in @ variety of muscle nerves. For conditioning, 
other muscle nerves were stimulated antidromically, 
the impulses entering the cord through the intact 
ventral roots. The preparations were immobilized 
by intravenously injected ‘Flaxedil’ (gallamine 
triethiodide, American Cyanamid Co.). 

As Renshaw noted’ the conditioning action between 
any two nerves remains essentially the same from 
one experiment to another. Some differences, how- 
ever, do occur. Recurrent conditioning often con- 
sists of a mixture of facilitation and inhibition. In 
systems where facilitation is the predominant action, 
an early inhibitory phase may sometimes be present. 
When such an inhibitory phase is present, its magni- 
tude and the conditioning-test interval at which it 
reverses to facilitation vary from one preparation to 
another. Similarly, where inhibition is predominant, 
it may be followed by a facilitatory overshoot. In 
some systems there has been a variation in the type 
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of conditioning observed. For example, when flexor 
longus digitorum was used to condition the dorsi. 
flexors of the digits, facilitation and inhibition were 
observed on different occasions. 

One generalized finding from these experiments jg 
that recurrent facilitation appears most often when 
reflexes in nerves to flexor muscles are conditioned 
by antidromic stimulation of nerves to extensors, 
When extensor reflexes are conditioned by flexor 
nerves there is frequently no effect, although some 
facilitation and inhibition have been obtained. When 
extensors condition extensors, or flexors condition 
flexors, inhibition is usually seen. In tho case of 
interactions between muscles acting at different 
joints, exceptions to this general pattern have been 
found. 

The organized pattern of the conditioning actions 
becomes still clearer when examined in terms of inter- 
actions of antagonists at various joints. These results 


are presented in Table 1. 


Table 1 





Nerve used to Nerve used for | 
i testin 


condition esting Effect 


{ Joint 


Digits | plantaris 


| 
extensor longus | facilitation, usually 
igitorum ‘ receded by some / 
extensor brevis fnhibition 
digitorum 


flexor longus extensor longus 
} digitorum* digitorum 
extensor brevis 
digitorum 
plantaris 
flexor longus 
digitorum 
tibialis anterior 
extensor longus 
digitorum 
gastrocnemius. 
soleus 





facilitation pre- | 
ceded by inhibi-/ 


tion, or inhibition 


weak mixed action 


deep peroneal } 
or no effect 








facilitation, some- | 
times preceded by 
some inhibition | 


little effect 


facilitation 


Ankle | gastrocnemius- 
soleus 


| deep peroneal 
Knee quadricepst iceps- 
semitendinosus 
biceps- quadriceps 
semitendinosus 





at times preceded 
by inhibition 


L : | 
* In all experiments fiexor longus digitorum included the nerve to 
tibialis-posterior. 


t The nerve to rectus femoris was usually removed. 


some facilitation, | 





At all joints studied, antidromic stimulation of 
the nerves to the extensors resulted in a conditioning 
action on the flexors which was predominantly 
facilitatory. Antidromic stimulation of the flexors 
had a facilitatory action on the extensors at the knee, 
but only weak indeterminate effects on the ankle 
and digit extensors. In the case of the ankle and 
digits the facilitatory action by the extensors was not 
restricted to their specific antagonists ; stimulation 
of gastrocnemius-soleus, plantaris and flexor longus 
digitorum resulted in facilitation of all branches of 
the deep peroneal nerve. 

Whereas antidromic stimulation of the extensors 
facilitates their antagonists, there is recurrent 
inhibition of their synergists, and frequently, of 
extensors at neighbouring joints. For example, it is 
known that antidromic stimulation of part of quadri- 
ceps inhibits the reflex in another part of the muscle’ ; 
the same interaction is found between the heads of 
gastrocnemius!. Antidromic stimulation of gastro- 
cnemius-soleus inhibits plantaris and flexor Jongus 
digitorum. An inhibitory action between these 
latter two muscles has also been reported?. 

It has been held that the presence of recurrent 
inhibition between various nuclei is determined by 
their proximity in the spinal cord?, While proximity 
may indeed be a factor, it is not sufficient to account 
for all results that have been obtained. This can be 
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1 flexor 
» dorsgi- 
mM. Were 


ents ig 
2 when 
itioned 
ensors. 

flexor 
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wen particularly clearly in experiments involving 
biceps posterior-semitendinosus and biceps anterior. 
The motoneurons of these muscles can be shown to 
have the same segmental distribution in the cord and 
are known to form a single nucleus*. Yet when these 
nerves are used either for testing or conditioning 
quite different results are obtained: quadriceps 
consistently facilitates biceps posterior-semitendino- 
sus but has an inconstant action on biceps anterior ; 
biceps posterior-semitendinosus inhibits tibialis 
anterior, which is facilitated by biceps anterior. 

In conclusion, our results support the view that 
recurrent conditioning in the cat spinal cord is 
determined by more than the location of nuclei in 
the ventral horn. Rather, an integrated pattern 
appears to be present. Where pronounced recurrent 
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¥ conditioning is present between muscles of a myotatic 


wit, this conditioning is opposite in action to the 
monosynaptic facilitation or direct inhibition between 
the same muscles. This is particularly evident when 
activity in flexors is conditioned by stimulation of 


extensors. 
V. J. Wirson 
W. H. Tarsor 


F, P. J. DIECKE 


The Rockefeller Institute, 
New York. 
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Effect of Morphine upon the Adrenal 


17-Hydroxycorticosteroid Secretion in 
the Dog 


Ir has been reported that morphine is a potent 
stimulus to the anterior pituitary—adrenal cortical 
system, as judged by indirect index such as depletion 
of adrenal ascorbic acid in rats'-*. However, little 
is known quantitatively of adrenal corticosteroid 
secretion in response to morphine. In the present 
investigation, experiments were carried out to evalu- 
ate directly the effect of morphine upon the secretion- 
tate of 17-hydroxycorticosteroids in dogs. ? 

In order to collect the adrenal venous blood in 
wmanesthetized dogs, the method of Satake et al.‘ 
was used with a slight modification. About three 
weeks before the experiments proper, the thoracic 
(ll)umbar (3) dorsal spinal roots, through which 
the sensory nerve fibres from the lumbar area run, 
were cut under ‘Evipan-sodium’ and ether anzsthesia. 
The lumbo-adrenal vein cannulation was performed 
without anzesthetizing the animal. Then about 18 hr. 
were allowed to elapse before the onset of experi- 
ments, After control adrenal venous blood samples 
were collected without anesthetizing and fastening 
the animal, morphine hydrochloride in a dose of 8 
nem fkgm. body-weight was injected intravenously 
mn sec. 

_5, 10, 20, 30, 60 and 120 min. after morphine 
injection, the adrenal venous blood collections were 
‘so made. The plasma was separated from the 
sample of blood by centrifugation and was estimated 
for 17-hydroxycorticosteroids by use of Nelson and 
Samuels’s method’. The rate of secretion was cal- 
culated by multiplying the 17-hydroxycorticosteroid 
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EFFECT OF MORPHINE UPON THE ADRENAL 17-HYDROXY- 
CORTICOSTEROID SECRETION-RATE IN THE DOG 


Table 1. 





17-Hydroxycorticosteroid secretion-rate 
(egm./kgm./min.) 





Min. before 
morphine 
injection 


380 | 10 10 | 20 | 30 


0-05 
0-06 
0-12 
0-08 
0-06 


Min. after morphine injection 






































content of the adrenal venous blood plasma by the 
adrenal plasma flow. 

The results are given in Table 1. 

The resting secretion-rate was measured as 0-05- 
0-13 -./kgm. body-weight/min., the mean value 
being 0:08 ygm. After morphine injection the 
secretion-rate increased invariably. Within 10 min. 
after the injection a remarkable increase was observed 
in all cases. The maximal secretion-rate after 
morphine was measured as 0-67, 0-74, 1-0, 1-6 and 
2-7 pgm./kgm,/min, 

Tatuzi Suzuki 
KKAZUKUNI YAMASHITA 
Sencut Zrnnovent 


TaKaaxkr Mrramura 


Department of Physiology, 
Nagasaki University School of Medicine, 
Nagasaki. 

Jan. 3. 
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Prolonged Muscular Activity without 
Phosphate Exchange 


AtrHoucs there is a paucity of direct supporting 
evidence for the postulate that the immediate source 
of the energy for muscular contraction is the dephos- 
phorylation of adenosine triphosphate, this view has 
been accepted by most authors’-*, The usual finding 
that there is no net decrease in the amount of adeno- 
sine triphosphate present in the working muscle is 
attributed to its rapid resynthesis by transfer of the 
phosphate _ group of phosphocreatine. However, 
Fleckenstein e¢ al.* found no evidence for such trans- 
fers of phosphate groups in a tracer study on drug- 
induced contracture of muscles of the frog, and Dixon 
and Sacks* found no evidence for equilibration of 
isotopic phosphorus between the terminal phosphorus 
of adenosine triphosphate and phosphocreatine in 
the course of a tetanic contraction of the cat gastroc- 
nemius muscle of 30 sec. duration. Nor was there 
any equilibration of the isotope between the middle 
phosphorus of adenosine triphosphate and the corre- 
sponding phosphorus of adenosine diphosphate, 
such as would be expected to result from mixing 
of any adenosine diphosphate formed during the 
tetanus with that initially present in the resting 
muscle, 

The present experiments were designed to produce 
an even more crucial test of the postulate, by studying 
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SPECIFIC ACTIVITIES OF PHOSPHORUS COMPOUNDS OF MUSCLE 
ATER INJECTION OF IRRADIATED PHOSPHATE. 
Stimulated muscle: at rate of three twitches per sec. for 1 hr., 
beginning 5 min. after intravenous injection of tracer. Results in 
terms of ¢.p.m, per infoel phosphorus, calculated to basis of 10* c.p.m. 
injected per kgm. body-weight 


Experiment 1 Experiment 2 


Stimulated | Resting | Stimulated 


263 595 460 
69 169 101 


Table 1. 








Recati 


Phosphorus 











Orthophosphate 
Phosphocreatine 
Terminal Paden 
phorus of adeno- 
sine diphosphate 45 59 64 54 
Terminal phos- 
phorus of adeno- 
sine triphosphate 


Middle phosphorus 
of adenosine tri- 
phosphate 63 71 77 68 


812 
57 


115 lil 124 84 























the effect of a prolonged series of single twitches on 
any possible redistribution of isotopic phosphorus 
between these compounds. The gastrocnemius 
muscles of cats under pentobarbital anesthesia were 
dissected free at their insertions, tracer phosphate was 
injected intravenously, and one muscle was attached 
to a lever and placed under tension. 5 min. were 
allowed for distribution of the tracer into the extra- 
cellular phase. The one muscle was then stimulated 
through the nerve at the rate of 3 twitches per sec. 
for 1 hr. This muscle and the companion resting 
muscle were then frozen in situ with a mixture of 
dry ice and ether. The various phosphorus com- 
pounds were isolated from trichloracetic acid 
filtrates by the ion exchange procedures used 
previously*. The terminal phosphorus of adenosine 
triphosphate was isolated by the action of myosin- 
adenosine triphosphatase, the phosphorus of the 
middle group of adenosine triphosphate, the terminal 
one of adenosine diphosphate, and of phosphocreatine 
were isolated by appropriate acid hydrolysis, and 
measurements of radioactivity made by the methods 
of the previous study. The samples were counted for 
a sufficient length of time to reduce the statistical 
error to less than 2 per cent. 

The results of two representative experiments are 
given in Table 1. It can be seen that there is no 
significantly greater approach to isotopic equilibrium 
between these various phosphate groups in the 
stimulated muscles than in the resting ones, despite 
the more than 10,000 contractions and relaxations 
undergone by one muscle of each pair. Also, it 
appears that there is no increase in the total amount 
of phosphate transported across the cell membrane 
of the muscle during this rather intense and prolonged 
activity. The experiments in Table 1 have been 
selected from a larger number, all of which show the 
same general picture. In some, the range of specific 
activities is higher on the side of the stimulated 
muscle ; in others, on the side of the resting muscle. 
The variations found between the two muscles of a 
single experiment are of the same order as was found 
between companion resting muscles, 1 or 2 hr. after 
the injection of the tracer‘. 

These results, added to those from other types of 
experiments on surviving muscle, should make it 
evident that the participation of adenosine triphes- 
phate in the mechanical event, which has been adduced 
from experiments on glycerinated fibres and actomyo- 
sin filaments, does not involve any dephosphorylation 
of the compound. Consequently, the source of the 
energy for the contraction process must be sought 
elsewhere than in the dephosphorylation of adenosine 
triphosphate. 
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Excitation-Contraction Coupling in 
Heart Muscle 


THERE is general agreement that the membrane 
process activates the contractile mechanism jn 
muscle; but up to the present all efforts to find 
quantitative relations between the electrical and 
mechanical parameters have failed. 

Experiments, hitherto performed on this field, 
have compared the action-potential with the time. 
parameters or the amplitude of contraction. How- 
ever, since the analysis of the mechanical properties 
in striated muscle!-* has shown that the time-course 
of contraction is the result of several events, it seems 
reasonable to suppose that only one of these may be 
correlated to the electrical changes on the side of the 
membrane. 

In agreement with previous findings, our experi- 
ments have led to the conclusion that the mechanical 
shortening, induced by activation of the membrane, 
depends, in a well-defined manner, on the length of 
muscle. Hence, the question arises how long and to 
what extent this dependence is maintained in any 
instant during a contraction-cycle. For this reason, 
in several series of experiments, strips of frog and 
turtle ventricle and auricle have been released quickly 
in the resting state and during the rising and falling 
phase of contraction’. The following results were 
obtained. 

The increase of the active recovery-peak tension 
after release, if corrected for the change in tension 
due to the elasticity of the series compliance (so-called 
Aktivierung), declines during the contraction-cycle. 
The time course of the Aktivierung has a characteristic 
shape in different muscles: in the ventricle a rela- 
tively long-lasting plateau during the rising phase of 
contraction, with a subsequent steep decline during 
relaxation, is observed, whereas the auricle shows 4 
rather short plateau followed by a flat decline of the 
Aktivierung. The skeletal muscle is characterized 
by the absence of a plateau, and an instantaneous 
decline of the Aktivierung after the latent period. 

Because of the striking similarity of the time-course 
of the Aktivierung with that of the action-potential 
in all preparations investigated we have studied the 
time-course of both Aktivierung and action-potential, 
the latter by a routine extracellular method’. 

In Figs. 1 and 2 the time-course of the Aktivierung 
and the repolarization phase of the action-potential 
is given for a frog ventricular strip (Fig. 1) and & 
turtle auricular strip (Fig. 2). The zero point of the 
diagrams is the beginning of the rising phase of the 
isometric contraction. The electrogram is shifted 
towards the same zero point, so that the electro 
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Activation (per cent) 








50 100 
Time (per cent) 


Fig. 1. Ventricular strip of is (R. esculenta); temperature 
25°C.; length, 7, = 10 mm.; weight, 50 mgm.; electrica 
stimulation frequency, 5 ‘5ymin. Resting tension before etpane 
2-0 gm.; peak tension, 7-5 gm. Release = 0:24 mm. = 2-4 pe 
cent 2,; duration of release, 0 019 sec.; peak time of ad 2-3 
contraction, 3°6 sec. Open circles, time course of Aktivierung 
(100 per cent = full Aktivierung) obtained by release before the 
stimulus; solid line, i ene agen phase of extracellular action- 
potential ; 100 per = peak potential; dotted line, action- 
potential with ekiareed: time-scale (factor 1°4). Zero point of the 
Altivierw beginning of the rising phase of isometric con- 
traction. Zero point of the electrogram shifted toward the same 
instant. The rising phase of the action-potential is neglected. 
Time scale, 100 per cent = peak time of contraction 


100 


Activation (per cent) 








0 
0 50 100 150 
Time (per cent) 


Fig. 2. Auricular strip of turtle (Testudo graeca); temperature, 

9°C.; length, 2,=20 mm.; weight, 150 mgm.; electrical 

stimulation frequency, 8-6’ te Resting tension before en. 

9-0 gm. ; k tension, 27-0 gm Release = 0-48 mm. = 2°45 

cent 1,; duration of release, oO ‘016 sec. k time of isometr’ fc 
contraction, 1-5 sec. Further deta ls as for Fig. 1 


mechanical latency is neglected. For practical 
reasons, the rising phase of the action-potential is not 
considered in the diagram. In both preparations, 
the rate of repolarization is greater than the decline 
of the Aktivierung. However, if the time-scale of the 
action-potential is enlarged by a factor 1-4, both 
curves coincide. 

The same result was obtained in 20 experiments in a 
range of temperature of 0-10° C. and of rate of stimu- 
lus of 2-5-10/min. The change in temperature and 
stimulus frequency has the same effect on both curves 
(Fig. 3). The time factor may vary in different 


100 


Activation (per cent) 








50 100 150 200 
Time (per cent) 
Fig. 8. Ventricular strip of frog ol esculenta). Weight, 60 mgm. ; 
length, 8 mm.; release = 0-27 mm. = 3-4 per cent J,. Open cir- 
eles, temperature, 10° C. ; 3 stimulus bene cempyy 12/min.; closed 
es: tem rature, C.; stim requency, 6/min.; 
solid lines ; Distinitine repolarization curves 
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experiments from 1-1 to 2-2, the mode being 1-4. A 
simple explanation of this change in time-scale results 
from the fact that the time-course of the extracellular 
action-potential is quickened, if led off in Ringer 
solution, in comparison with that recorded in air. 
We conclude from our findings that the action-poten- 
tial governs the contractile process via the rate of 
Aktivierung in any instant. How the normal time- 
course of contraction is correlated with the mechanical 
event of Aktivierung is still an open question. 


H. REIcHEeEL 
A. BLEICHERT 
Physiologisches Institut, 
University of Munich. 
Dec. 11. 
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Oxygen Equilibrium of Human 
Hemoglobin in Strong Salt Solutions 


Ir has been reported by several authors that human 
hemoglobin dissociates into sub-units in strong salt 
solutions (that is, in sodium chloride above 0-5 M). 
The decrease of molecular weight of hemoglobin in 
such conditions was demonstrated by sedimenta- 
tion!, osmotic-pressure* and _ light-scattering* 
methods. According to present views® on the oxygen 
equilibrium of mammalian hemoglobins, the decrease 
in the molecular weight of hemoglobin (and therefore 
the decrease in the number of the oxygen-combining 
centres per molecule) should be accompanied by 
alterations of the shape of the oxygen equilibrium 
curve. Taking the value of » in the Hill empirical 
equation : 


K(pO.)" 


Y¥=1+K(p0," 


as a measure of the sigmoid character of the curve, 
this value should be lower than 2 for a splitting of 
hemoglobin into halves®. 

While investigating the mechanisms involved in 
the oxygen equilibrium of hemoglobin, it seemed, 
therefore, interesting to study the effect of high salt 
concentrations on the oxygen dissociation curves of 
human hemoglobin. 

The oxygen dissociation curves were determined 
by the spectrophotometric method previously 
described*. Human hemoglobin was prepared from 
freshly drawn blood ; the erythrocytes were washed 
several times with 1 per cent sodium chloride solution 
and finally hemolysed with water. The hemoglobin 
solution was centrifuged at 20,000 r.p.m. for 30 min. 
and then dialysed for 48 hr. against de-ionized water. 

The oxygen equilibrium of human hemoglobin in 
the presence of 0-3 M phosphate buffer alone and plus 
added salts, at pH 7 and 20° C., is given in Table 1 
and Fig. 1. The results demonstrate that in high 
salt concentrations even for dilute hemoglobin 
solutions, the oxygen equilibrium curves do not show 
a decrease but rather an increase in the value of n. 
Indeed, in conditions in which the hemoglobin 
molecule should be split into halves the value of n was 
near or greater than 3. In strong salt solutions an 
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Table 1. OXYGEN EQUILIBRIUM OF HUMAN H2MOGLOBIN IN STRONG 
SaLT SOLUTIONS 





| Final molarity 
of the 
| salt added 


2 


| log pt 





None | 
None | 
} 


Potassium chloride 
Potassium chloride 
(After 24 hr.) 
Potassium chloride 
Potassium chloride 
Sodium chloride 
Tris-hydrochloric acid 
Sodium sulphate 
Sodium citrate 
Potassium dihydrogen phos- 
phate-dipotassium hydro- | 
gen phosphate 1 c 3-1 


on 


SS6SS6 S655 


Comconotern nmcprprrp 
1) 


Re DN o- 
a 














Hemoglobin 2:5 x 10-* M (as iron); pH 7; 20°C.; potassium 
dihydrogen phosphate-dipotassium hydrogen phosphate buffer 0-3 M. 
pt = oxygen pressure in mm. mercury for 50 per cent oxygen satura- 
tion. The value of » (in the Hill empirical equation) was calculated 


by the slope of the curve of log (HbO}) versus log p, near 50 per cent 


saturation. The salt and the buffer were usually added 30 min. 
before the experiments. 


apparent discrepancy can be seen between the shape 
of the oxygen equilibrium curve and the estimated 
number of hems per molecule. This finding seems 
to be of importance to the interpretation of the oxygen 
equilibrium of hemoglobin. 


10 





2-0 


Fig. 1. Oxygen equilibrium curves of human hemoglobin in 

0-3.M phosphate + 2M sodium chloride (@) and in 0:3 M 

phosphate + 2 M potassium chloride (O). pH 7, 20° C. hemoglobin 
2:5 x 10-4M (as iron) 


A more detailed study of the effect of salts on the 
functional and molecular properties of human 
hemoglobin will be reported elsewhere. 
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A Possible Vitamin E Deficiency 
occurring in a Herd of Pigs fed Standard 
Rations in the Tropics 


At the Sigatoka Agricultural Station in the Fijj 
Islands, it had been noted that an occasional baby 
piglet was born exhibiting symptoms of muscular 
weakness and inco-ordination in one or more legs. 
These piglets were born in litters from both pure and 
cross-bred sows and gilts of the Tamworth, Berkshire 
and Large White breeds. 

As the clinical symptoms were somewhat similar 
to those described by workers in the temperate 
zone as occurring in lambs suffering from ‘stiff lamb 
disease’ and calves with ‘white muscle disease’ 
(Blaxter and Brown’), and in piglets born to sows 
fed on a vitamin E deficient ration (Adamstone 
et al.*), it was decided to test the effect of the admini- 
stration of synthetic vitamin E. In late 1954 two 
piglets that were particularly severely affected were 
drenched with 50 mgm. of vitamin E at two days of age. 
They both effected a dramatic recovery, all clinica] 
symptoms of the condition disappearing within 48 
hours of treatment. 

This suggested that the symptoms of muscular 
weakness exhibited by piglets might be due to a vitamin 
E deficiency in the sows: a very surprising con- 
clusion, as the breeding stock in the station herd 
were managed in a normal manner in concrete sties 
and were fed on rations consisting of : 


Coconut meal 40 or 45 parts Molasses 10 or 20 parts 
Rice bran 40 or 30 parts Meat meal 10or 5 parts 


together with a mineral mix and adequate green feed. 
It is usually considered that a ration of this type 
contains sufficient vitamin E to meet the normal 
requirements of farm animals in almost any circum- 
stance. Unfortunately, it was not possible to analyse 
the rations for vitamin E content. 

In order to test the assumption that for some reason 
the sows might be deficient in vitamin E, all breeding 
stock due to farrow during 1955 and 1956 were 
divided at random into two groups. One group 
received 250 or 500 mgm. of synthetic vitamin E in 
one massive dose three weeks prior to the expected 
date of farrowing, while the other group were un- 
treated and acted as a control. Management and 
feeding of the two groups were identical. 

Details of the number of live and stillbirths and of 
the number of piglets exhibiting the clinical symptoms 
of muscular weakness were recorded for two years. 
The results are given in Table 1. 

In March 1956 a female piglet born in the control 
group, and exhibiting symptoms of muscular weak- 
ness, was removed from the litter at two days of age 
and killed, and histological specimens were prepared 
from the lung, kidney, heart muscle, thigh muscle, 
shoulder muscle, tongue, abdomen, spleen, liver, brain, 
suprarenals, uterus, brachial plexus and sciatic nerve. 
Table 1. NUMBER OF PIGLETS BORN ALIVE, STILL-BORN AND FX- 


HIBITING CLINICAL SYMPTOMS OF MUSCULAR WEAKNESS DURING 1955 
AND 1956 





> No. with 
= No. born alive: | No. still-births: | muscular 
ters | Total Perlitter | Total Per litter | weakness 
Control 27 | 228 | 8-4440°50;} 17 | 0-6340-03 
Vitamin 


Group 





supple- 
mented | 2 246 | 9-11+40-65 8 | 0-3040-14 
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These specimens were examined during 1957 at 
Cornell University by Dr. Peter Olaffson, who failed 
to find any indication that the piglet may have had 
muscular dystrophy lesions. 

Thus results to date indicate that vitamin E supple- 
mentation of sows and gilts in Fiji, receiving what 
would be considered a normal farm ration, apparently 
diminated the birth of piglets exhibiting clinical 
symptoms of muscular weakness, and in addition 
decreased the number of still-births per litter and 
inereased the number ‘of piglets born alive, though 
these effects were not quite statistically significant. 
Also the addition of vitamin E to the diet of two baby 
piglets exhibiting the muscular weakness resulted 
in their dramatic recovery. Histological examination 
of tissues from one affected piglet failed to disclose 
any signs of muscular dystrophy lesions. 

It is considered that the balance of evidence is in 
favour of the theory that there was some form of 
vitamin E deficiency in the breeding stock. So far 
as is known, no one has previously reported symptoms 
of vitamin E deficiency in a herd of pigs fed standard 
type rations, though Gorham e¢ al.* and Davis and 
Gorham‘ have reported a condition known as ‘yellow 
fat’ disease in pigs fed on a rather unusual ration of 
fish scraps, which responded to vitamin E supple- 
mentation of the ration, and which is probably caused 
by excessive amounts of unsaturated fatty acids in the 
diet. Obel® has also reported that death from liver 
dystrophy is high in pigs in Sweden aged 3-15 weeks, 
where 6 per cent of cod-liver oil is fed in the ration, 
and that this disease is prevented by substituting lard 
for cod-liver oil and supplementing the ration with 
vitamin E. 

The rations fed to the pigs in Fiji contained a high 
proportion of coconut meal which was usually slightly 
rancid. As the oxidation of vitamin E is especially 
rapid in foods containing high levels of unsaturated 
fatty acids or rancid fats together with minerals 
that catalyse the oxidative reactions, it is possible 
to postulate that the available vitamin E in the 
ration was being oxidized. This theory is sup- 
ported by a report from Jamaica by McDonnough’, 
who states that two calves fed on irrigated grass with 
é concentrate supplement of coconut meal that may 
have been rancid died, the post-mortem examination 
revealing that they were suffering from ‘white muscle 
disease’. It is hoped to investigate this theory further 
at this establishment. 

Iam indebted to the Director of Agriculture, Fiji, 
for providing facilities for this work and for permis- 
sion to publish it, to Dr. Peter Olaffson, of Cornell 
University, for the histological examinations, and to 
Mr. R. K. Naidu for the completion of the experiment 
while I was on leave. 
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Cardiac Output in Cattle 


Tue determination of cardiac output by the dye 
dilution techniques requires the taking of serial 
arterial blood samples at short regular intervals. 
Direct puncture of the brachial artery of cattle’ enables 
such samples to be collected. 7'.1824 (Evans blue) 
was injected into the jugular vein of the subjects at 
a dose of approximately 0:40 mgm./kgm. body- 
weight and arterial blood samples collected at 1-sec. 
intervals for a period of 30 sec. Adopting the pro- 
cedure described by Hamilton et al.* the average 
concentration of the dye in the arterial blood samples 
was found, together with the time required for one 
circulation of the dye and the cardiac output caleu- 
lated from the formula : 

60 x amount 7.1824 injected 


cardiac output = mean concentration 7.1824 x 
circulation time 


The subjects were allowed to settle in their sur- 
roundings for some time prior to making a determina- 
tion, and during the manipulative procedures 
excitement of the subjects was avoided so far? as 
possible. Pulse-rates were taken during injection! of 
the dye and collection of arterial blood samples ; and 
during the procedure on each animal the pulse-rate 
remained within the normal range of 65-90 beats per 
min. 

Twenty-six cardiac output determinations were 
made on 22 female Ayrshire cattle of body-weight 
100-605 kgm. The outputs ranged from 12 to 68 1. of 
blood per min. which, when calculated as output of 
blood in ml./kgm. body-weight per min., give @ mean 
value of 113 ml. with an S.D. + 11-0 ml. 

The result calculated for cattle as cardiac output of 
blood in ml./kgm./min. is similar to that obtained in 
sheep by Schambye® using a dye-dilution technique 
and by Cross e¢ al.‘ using the Fick method. It also 
compares with the value obtained by Barcroft et al.§ 
using the Fick method on goats. Doyle et al.* used the 
Fick method on three adult cows to determine the 
cardiac output and found a mean value of 44 1./min. 
but made no mention of the breed or weight of the 
animals. 
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Production of Acute Insulin Deficiency by 
Administration of Insulin Antiserum 


THE diabetic syndromes observed in experimental 
animals and in man are due to metabolic abnormali- 
ties induced directly or indirectly by insulin deficiency 
and to lesions which affect tissues other than the 8- 
cells of the islets of Langerhans. It is difficult to 
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Blood glucose (mgm./100 ml.) 








Time (hr.) 


Fig. 1. Concentration of glucose in the blood of a conscious 

female rabbit (2-65 kgm.) following the intravenous injection 

at zero time of serum (2-7 ml.) from guinea pigs sensitized to 
bovine insulin 


attribute the pathological effects observed in these 
syndromes to specific lesions since the methods at 
present available do not render animals rapidly and 
reversibly insulin-deficient without provoking other 
complicating effects. 

Such a method has now been devised and is based on 
observations originally published by Moloney and 
Coval'. They showed that serum from guinea pigs 
sensitized to insulin (insulin antiserum) protects mice 
from the convulsive action of the hormone. It also 
induces hyperglycemia 1 hr. after injection into mice 
and produces a diabetic syndrome with ketonuria 
and loss of body-weight if the injections are repeated 
for 3 days. It was then found? that the stimulant 
action of insulin upon the isolated rat diaphragm can 
be abolished if such serum is added to the incubation 
medium. These effects are thought to be due to the 
presence in the serum of antibodies which are specific 
but not species-specific for insulin. 

In the present investigations, intravascular injec- 
tion of a single dose (1-0 ml./kgm.) of serum from 
guinea pigs sensitized to bovine insulin has been 
shown to produce an immediate rise in the concentra- 
tion of glucose:in the blood of the anzsthetized 
(nembutal) or conscious rabbit. This rise, which is 
detectable within 5 min. of the injection, continues 
at a uniformly rapid rate for 30-50 min. The glucose 
concentration reaches a maximum (200-300 mgm./ 
100 ml.) in 1-2 hr., and returns to the resting-level 
(80-110 mgm./100 ml.) in 3-5 hr. ; the result obtained 
in a typical experiment is shown in Fig. 1. The effect 
produced by a slightly larger dose (2 ml./kgm.) 
injected into the rat is more transient, the 
hyperglycemia being maximum in 30-60 min. and 
complete in 60-90 min. Normal guinea pig serum 
has no such effects on injection into rabbits or 
rats. 

Using a technique previously described* it was 
found that plasma obtained from hyperglycemic 
tabbits 1 hr. after injection of the insulin antiserum 
does not stimulate glucose consumption by the 
isolated rat diaphragm. It was concluded, therefore, 
that insulin, the effects of which were detected in 
rabbit plasma prior to injection of the insulin anti- 
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serum, had been neutralized and that the hyper. 
glycemia was due to absence of circulating insulin, 
The rabbits used in these experiments had one eq; 
chronically denervated and the vessels of thege 
denervated ears remained dilated throughout ; endo. 
genous adrenaline secretion was not, therefore, 
responsible for the hyperglycemia. The glucose 
entering the blood-stream is probably derived from 
the liver, for whereas a marked rise in blood glucog 
concentration follows injection of insulin antiserum 
into the fed rat, only a small and gradual rise occurs 
if the store of liver glycogen is first depleted by fasting 
for 24 hr. é 

Assuming that the extracellular space occupies 2 
per cent of the body-weight, it can be deduced from 
the results of the present experiments that during 
the initial stages of the hyperglycemia glucose enters 
this space at the rate of approximately 1 mgm./min,/ 
100 gm. body-weight. This figure, which probably 
represents the rate at which glucose is consumed by 
tissues under the influence of circulating insulin, is 
of the same order as the glucose turnover-rates determ- 
ined previously in normal rats and dogs by means of 
injections of glucose labelled with carbon-14 +, 
The rapid and transient action of this insulin anti- 
serum suggests that endogenously secreted insulin 
exerts its effects rapidly and that these effects are of 
brief duration. 

By contrast the methods currently used to produce 
diabetes in laboratory mammals’.® are often techni- 
cally difficult. The syndromes are all characterized 
by injury, destruction or removal of the insulin- 
secreting cells of the pancreas, but in addition the 
syndrome due to insulin deficiency is complicated by 
the effects of other lesions ; after pancreatectomy or 
treatment with alloxan, for example, structures other 
than the §-cells of the islets of Langerhans are removed 
or damaged. In most cases the diabetic state is not 
reversible, and the animals have to be maintained by 
parenteral insulin therapy. Withdrawal of insulin 
in such cases does result in the development of the 
diabetic syndrome, but the rate at which this occurs 
depends upon the nature of the insulin preparation 
used and at best only a gradual rise in the concentra- 
tion of blood glucose is observed over a period of 
hours. The method described above has the great 
advantage that it produces hyperglycemia rapidly 
and is technically simple. In addition, the hyper- 
glycemia is reversible, is due to insulin deficiency, 
and cannot be attributed to any non-specific effect of 
the proteins in guinea pig serum. : 

A more detailed account of these investigations, 
which are being carried out in co-operation with 
Dr. R. T. Grant and Mr. J. Armin, will be published 
elsewhere. 
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1 Moloney, P. J., and Coval, M., Biochem. J., 59, 179 (1955). 

* Wright, P. H., Biochem. J., 71, 683 (1959). 

* Wright, P. H., Lancet, ii, 621 (1957). 

‘ Feller, D. D., Strisower, E. H.,and Chaikoff, I. L., J. Biol. Chem.,187, 
571 (1950). 


* Stetten, De W., Welt, I. D., Ingel, D. J., and Morley, E. H., J. Bid. 
Chem., 192,'817 (1951). 

* Steels, R., Wall, J. S., de Bodo, R. C., and Altszuler, N., Amer. J. 
Physiol., 187, 15 (1956). : 

’ Bell, EB. T., “dxperimental Diabetes Mellitus” (Blackwell Scientific 
Publicusions, Oxford, 1948). 4 

* Danowski, T. S., “Diabetes Mellitus” (Williams and Wilkins, Balti 
moore, 1957). 









. 183 


> hyper. 
insulin, 
One ear 
of these 
t ; endo. 
herefore, 
glucose 
ed from 
glucose 
itiserum 
& occurs 
y fasting 















pies 20 
ed from 
| during 
e enters 
n. /min,| 
robably 













insulin 
of the 
occurs 
ration 
entra- 
iod of 

great 
apidly 
Ly per- 
jency, 
‘ect of 










tions, 
with 


lished 








JHT 











m. , 187, 
J. Biol. 


mer. J. 







jentific 
s, Balti- 








wo.aces March 21, 1959 NATURE 831 


RADI OBIOLOGY 


Changes in the Electron Spin Resonance 
Spectrum of Glycine with Increasing 
Doses of Radiation 


Ir has been reported! that paramagnetic centres 
are produced in glycine by equal doses of y-rays, 
fast neutrons and a-particles in the proportions 
1:0-:7:0-1. As the lower efficiency of the «-particles 
might well be due to the high linear energy transfer 
along their tracks, an investigation of the effects of 
very high doses of electrons on the electron spin 
resonance spectrum of glycine and related substances 
seemed worth while. 

For irradiations we used a 1-5-MeV. Metropolitan- 
Vickers linear accelerator capable of delivering 
approximately 10‘ rads per pulse at the position of 
the sample of deoxyribonucleic acid, the duration 
of a single pulse being 2 usec. Derivatives of the 
microwave absorption against magnetic field strength 


pall 


36°8 gauss 


Fig. 1. Derivative of absorption signal of glycine, irradiated in 
air with a, 20 Mrads; 6, 50 Mrads; c,100 Mrads; d, 200 Mrads 
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36-8 gauss 
Fig. 2. Derivative of absorption signal of gelatine irradiated in 
air with 20 Mrads 











were recorded. The electron spin resonance spectro- 
meter used for this work operates on 9,350 Mc./s. 
and utilizes heterodyne detection of an. audio- 
modulated signal. 

In glycine which has received a dose of 20 Mrads 
the differential curve shown in Fig. la is obtained, 
displaying five peaks, whereas with still lower doses 
of the order of kilorads, triplets have been observed?*. 

Increasing the dosage from 20 Mrads to 200 Mrads 
changes the shape of the absorption curve in a 
manner shown in Fig. la-d until only a broad single 
peak is left. 

In gelatine, however, as in other substances 
containing glycine as glycylglycine*, a double peak 
shown in Fig. 2 is obtained, which does not change 
in the same range of doses. The paramagnetic centre 
which causes this double peak may be identical with 
that which causes the two large side peaks in glycine. 
The central peak, on the other hand, may be due to 
a different centre, which is produced more efficiently 
at high doses. The two side-peaks would in this way 
vanish progressively in relation to the central peak. 

One of us (A. M.) is indebted to Dr. L. H. Gray for 
his hospitality and to the Institute of Radiobiology, 
Reactor Station, Karlsruhe, for a travel grant. 

J. W. Boae 
A. MULier 
Research Unit in Radiobiology, 
Mount Vernon Hospital, 

Northwood, Middx. Jan. 29. 
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Electron Spin Resonance in Irradiated 
Deoxyribonucleic Acid 


RADIATION-INDUCED electron spin resonance in 
deoxyribonucleic acid has already been briefly re- 
ported?. We have studied the electron spin resonance 
spectra of samples of deoxyribonucleic acid irradiated 
in vacuo, in air and in nitric oxide. These gases are 
known to affect electron spin resonance signals*.* and 
to influence biological effects of radiation‘. 

The deoxyribonucleic acid was kindly provided by 
Prof. J. A. V. Butler. It had been prepared from 
calf thymus and contained 0-7 per cent by weight of 
protein and, when exposed to room air, some 15 per 
cent of water. Pulses of electrons from a 1-5-MeV. 
Metropolitan-Vickers linear accelerator were used for 
irradiating the samples, the pulse duration being 
2 usec. and the dose per pulse about 10‘ rads. Total 
doses up to 10* rad were given in some experiments. 
The electron spin resonance spectrometer operated 
at 9,350 Mc./s. and employed heterodyne detection 
of an audiomodulated signal. First derivatives of the 
absorption curves were recorded. 

The samples were placed in thin-walled glass tubes 
in which they could be kept under vacuum before, 
during and after the irradiation. They were irradiated 
in one part of the tube and then slid along to the 
unirradiated end before testing in the electron spin 
resonance spectrometer. The high doses were given 
in many short bursts, separated by long enough 
intervals to prevent overheating of the material. 

If the samples were dried in vacuo for 24 hr. prior 
to irradiation and were then irradiated either in 
vacuo or in the presence of dry air or nitric oxide a good 
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electron spin resonance signal 
was observed in all cases. An 
example is shown in Fig. 1. 
If the sample was kept in 
a dry atmosphere, the sig- 
nal did not decrease appre- 
ciably in a week. The decay 
of resonances reported by 
other workers* may have 
been due to the presence 
of moisture in the gases 
used, an effect which has 
been observed in some bio- 
logical materials’. When 
moisture was present in our 
experiments at the time of 
irradiation, however, we were 
unable to detect any electron 
spin resonance signal even 
with a dose of 10® rads. 

We are indebted to Prof. 
J. A. V. Butler for the 
samples of deoxyribonucleic 
acid used and to Dr. L. H. 
Gray for his encouragement and for many useful 
discussions. 
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Protective Effect of p-Aminoethy/ithiosulphuric 
Acid against lonizing Radiation 

It was recently demonstrated that thiosulphate 
esters rapidly react with protein sulphydryl groups 
to give mixed disulphides'. As Eldjarn and Pihl* 
have attributed the protective properties against 
radiation of certain sulphur compounds (for example, 
cysteamine, cystamine) to their ability to form mixed 
disulphides with active sulphydryl or disulphide 
groups in the cell, the possibility was considered 
that thiosulphate esters may be active protectors 
against ionizing radiation. 

This has now been verified with 8-aminoethyl- 
thiosulphuric acid’, and the protecting effect of this 
compound has been compared with that given by 
cysteamine. The acute toxicity of 8-aminoethyl- 
thiosulphuric acid (determined as LD50 by intra- 
peritoneal injection into 50 albino mice according to 
Miller and Tainter*) was found to be 0-90 + 0-02 gm./ 
kgm. body-weight, whereas the L.D50 of cysteamine 
hydrochloride determined by the same technique 
was obtained as 0-50 + 0-01 gm./kgm. body- 
weight. Cysteamine hydrochloride is then about 
2-4 times as toxic as B-aminoethylthiosulphuric acid, 
calculated on an equimolar basis. 

The protective effect of B-aminoethylthiosulphuric 
acid on mice, irradiated with a lethal dose of X-rays, 
as compared with that of cysteamine hydrochloride, 
is shown in Fig. 1 (each compound was injected 
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Fig. 1. Protective effect of 6-aminoethylthiosulphuric acid and 
cysteamine against X-rays. Male albino mice exposed to 1,000 r. 
Protective compounds injected intraperiton 15 min. before 
irradiation. ithout protector, 3; 6-aminoethylthio- 
sulphuric acid, 0-45 gm./kgm. body-weight, ; cysteamine 
hydrochloride, 0-25 gm./kgm. body-weight, —.-.-.- 


at a dose corresponding to 0:5 LD50). It is evident 
that 8-aminoethylthiosulphuric acid increases both the 
time and rate of survival, although the latter showed a 
smaller increase than in mice injected with cyste- 
amine. The possibility that the protection given by 
8-aminoethylthiosulphuric acid is due to cystamine or 
cysteamine, formed from f-aminoethylthiosulphurie 
acid in the body, cannot be excluded, but appears 
unlikely from previous im vitro studies on f-amino- 
ethylthiosulphuric acid?. 
Bo HoLMBERG 
Bo SérBo 
Research Institute of National Defence, 
Medical Department, 
Sundbyberg, 4, 
Sweden. Dec. 15. 
1 Sérbo, B., Acta Chem. Scand., 12, 1990 (1958). 
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Leucocytosis in Response to Bacteremia 
as a Feature of the Acute Radiation 
Syndrome in the Plaice 


BacTERIAL invasion of the blood-stream is & 
marked feature of the acute radiation syndrome in 
the mammal following exposure to mid-lethal and 
supra-lethal doses of ionizing radiation’-*. It is 
generally considered that the bacteria are enteric in 
origin and that they gain access to the blood-stream 
through failure of the host defence mechanism, follow- 
ing the radiation insult, that is, ulceration of the 
gastro-intestinal tract, and leucopsnia’.’. Accordi 
to Bennett e¢ al.* death attributable to such infection 
of the blood-stream in dogs is always associated with 
leucopenia, and Cronkite and Brecher* consider that 
the body of evidence available appears to establish 
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. Blood smear from plaice dying after exposure to 8,000 r. 
Nite large numbers of bacilli (B), nucleated erythrocytes ocytes (Z) and 
large numbers of leucocytes (L) 


a firm correlation between granulocytopzenia and 
susceptibility to infection in radiation injury. 

During a series of experiments to determine the 
median lethal dose for plaice, exposed to 250-kV. 
X-rays (Morgan, F., unpublished results), bacterzemia 
was observed in association with leucocytosis in two 
fish which had received 8,000 r. (Fig. 1). 

These fish died 45 and 51 days after exposure, and 
both were examined within a few minutes of death, 
blood being removed by cardiac puncture. Their 
relative hematological values are given in Table 1. 
The normal ratio of erythrocytes to leucocytes in the 
place is 40: 1; in these fish the ratio was approxim- 
ately 1-2:1, a substantial degree of leucocytosis. 
The anemia revealed by the results in Table 1 is con- 
sistent with the extensive hemorrhages that were 
visible in the viscera of both animals and in particular 
in the duodenum and small intestine, where the 
extravasated blood present in the lumen indicated 
considerable damage to the gastro-intestinal tract. 

A feature of the acute radiation syndrome in cold- 
blooded vertebrates is the extended period between 
exposure and the onset of symptoms*®. A leucopznic 
condition might not have been established in these 
fish at the time of infection, thus perhaps facilitating 
the response of the leucocytes to the infection. That 
this is unlikely is shown by the results of an autopsy 
carried out on a fish exposed to 2,000 r. and dying 56 
days after exposure, which revealed a considerable 
leucopenia, with an erythrocyte to leucocyte ratio 
of 252:1. It seems probable, therefore, that the 


Table 1. HMATOLOGIOCAL VALUES OF THE TwO FISH EXPOSED TO 


8,000 R. COMPARED WITH THOSE OF NORMAL FIsH 





Red blood count | Hb. (gm./100 ml.) 


(per cent) (10° mm.’) 


21°8 2-02 
3-0 0-28 


10°4 0-81 
65 0-49 


| Packed cell vol. 





5-66 
0-88 


3-63 
3-22 
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ability of plaice leucocytes to respond to bacterial 
invasion of the blood-stream, following exposure to 
acute doses of 250 kV. X-rays, may be a major 
difference between the development of the mammalian 
acute radiation syndrome and that of the plaice. 

The provision of radiation facilities by Dr. W. L. 
Francis, of the Norfolk and Norwich Hospital, the 
helpful advice of Mr. F. Morgan of this laboratory 
and the interest shown by Dr. R. H. Mole of the 
Medical Research Council Radiobiology Unit, Harwell, 
are gratefully acknowledged. 

A. PRESTON 
Ministry of Agriculture, Fisheries and Food 
Fisheries Radiobiological Laboratory, 
Lowestoft. 
Jan. 6. 
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BIOLOGY 


A Chromatographic Analysis for Ricinine 


RicininE, the alkaloid of castor bean plants, is of 
interest since it is one of the very few natural pro- 
ducts containing a nitrile group and since, as Leete 
and Leitz! have shown, it is biogenetically derived 
from the vitamin, nicotinic acid. In our studies on 
the distribution and biogenesis of ricinine we have 
sought a semi-quantitative analytical method that 
would permit routine determination of ricinine in a 
large number of samples of plant tissue without 
tedious extraction and isolation procedures. Such a 
goal is hindered since ricinine is neutral and does not 
react with the usual ‘alkaloidal reagents’. 
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Pure ricinine was prepared from castor bean press 
cake by Evans’s method?. Approximately 150 mgm. 
of ricinine were obtained from 1 kgm. of press cake. 
The characteristic ultra-violet absorption spectrum 
of ricinine has not been previously reported in the 
literature and is presented in Fig. 1. In the absence 
of interfering substances (for example, in the chloro- 
form extract as obtained by Leete') it would be feas- 
ible to use the absorption at 315 my as a quantitative 
measure of ricinine (H(1 per cent, 1 cm.) = 450). 
The absorption spectrum of the 2-pyridone of 
N-methylnicotinamide has been reported by Pullman 
and Colowick*® to show a maximum at 325 my, 
somewhat higher than ricinine. 
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Molar extinction (e x 10-*) 
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Fig. 1. Absorption spectrum of ricinine 
Various solvents and spray reagents were studied 
for the paper chromatography of pure ricinine, using 
the ascending method. The most desirable solvent 
systems with regard to spot mobility and compact- 
ness were found to be ¢-butyl alcohol/water/acetic 
acid, 4:2:1, and ¢ésopropyl alcohol/toluene/acetic 
acid/water, 5:10:1:1, the latter being more 
satisfactory. The respective Rr values in these 
two systems were 0-75 and 0-55. The only satis- 
factory spray was found to be potassium tetraiodo- 
bismuthate as prepared by the method of Bregoff 
et al.4. This reagent gave orange spots against a 
yellow background. As little as 10 ugm. of ricinine 
could be detected, but quantitative estimation based 
on spot area was most successful between 20 and 
100 ugm. Related compounds and possible ricinine 
precursors were easily distinguishable from ricinine. 
Nicotinonitrile and 3-hydroxyanthranilic acid gave 
no colour with the spray reagent though oxidative 
browning of the 3-hydroxyanthranilic acid spot 
occurred over a period of days on unsprayed chroma- 
tograms. Nicotinamide showed pink-orange coloured 
spots below ricinine in the latter solvent. N-methyl 
nicotinamide showed a pink-orange coloured spot 

above ricinine in the latter solvent. 

The application of the above technique to plant 
tissues has shown remarkably little interference. It 
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Fig. 2. Ricinine content of organs from different sizes of castor 
bean plants 
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has been possible to squash small amounts of fresh 
tissue directly on the paper at the origin, develo 
with solvent, dry and spray. No spots other than 
ricinine have ever been observed from normal castor 
bean plants. Fig. 2 plots the variation in ricinine 
content of various organs against the total fresh 
weight of a plant. Because of the limited number of 
plants used, these results are intended merely to 
illustrate application of the method; however, they 
generally agree with the observations of Bogdashev. 
skaya’, who found that the percentage of ricinine in 
whole plants increased up to 20 days, while in indj- 
vidual leaves the rate of formation was greatest in 
the youngest leaves. 

We wish to thank the Baker Castor Oil (Co, 
Bayonne, N.J., for supplying us with the castor bean 
press cake. 
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Mitosis in the Microspore of 
Encephalartos barteri Carruth. 


THE haploid chromosome number of Encephalartos 
barteri, observed at the first division of the micro- 
spore nucleus, is 9. The chromosomes are large; 
the largest is about 20u long, the smallest about 10, 
long. One of the longest chromosomes has a trabant 
(Fig. 1). The haploid number of 9 chromosomes has 
already been found in the six other species of the same 
genus which have been examined, and in species of 
Zamia, Bowenia, Dioon and Macrozamia'. 

Male cones of a late crop were collected in Septem- 
ber from a plant growing in a garden in Ibadan, 
Nigeria. The microsporangia then contained uni- 
nucleate microspores. A cone was kept on a bench 
in the laboratory, and three scales were fixed each 
day in 1:3 acetic alcohol. The first pollen divisions 
were found after about three weeks. 

The two mitoses, producing three nuclei, occur in 
quick succession. After the first division, the pro- 
thallial cell takes up a peripheral position while 
the other nucleus divides again. After the second 
division, in which the chromosomes are smaller than 
in the first, the generative cell comes to lie next 
the prothallial cell, which it resembles, while the tube 
nucleus lies centrally in the pollen grain, and remains 
larger and less dense than the other nuclei. 


Ne 


Fig. 1, The chromosomes of E. barteri at the first pollen mitosis; 
acetocarmine preparation. (x 626) 
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Every microsporangium contains a small percentage 
(about 0-1 per cent) of abnormal pollen grains. 
These are oval, and each apparently represents two 
normal grains. There is a single nucleus, and at the 
first mitosis there are about 18 chromosomes. 

GEOFFREY K. BERRIE 
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Relationship between Dictyocotyle and 
Calicotyle 


RecENTLY, the opinion has been expressed that 
the endoparasitic monogenetic trematode Dictyo- 
cotyle coeliaca is simply a ccelomic form of the common 
cloacal parasite Calicotyle which has entered, through 
the abdominal pores, the body cavity of certain species 
of Raiat. The normal posterior adhesive organ 
‘opisthaptor’) was thought to be lost, and its central 
boss to regenerate a ‘pseudohaptor’. The evidence 
given in support of this supposed ontogenetic migra- 
tion was : (1) the finding, in an abdominal canal, of a 
trematode which had lost its opisthaptor ; (2) the 
recovery, from the cloaca, of six isolated opisthaptors 
each with a central perforation which matched the 
boss of the mutilated specimen. 

In expressing the above opinion, Dawes and 
Griffiths appear to have ignored several differences 
between D. coeliaca and C. kroyeri*®. To these 
previously recognized differences may be added the 
following. There is a characteristic difference in 


the shape and size of the egg capsule, as may be 


seen by comparing the illustrations by Hunter and 
Kille* of D. coeliaca and by Dawes‘ and by Euzet® of 
C. kroyert. I have confirmed this difference by exam- 
ining hundreds of capsules from each of the two 
parasites, and the difference in the egg capsules is 
accompanied by a corresponding difference in the size 
and shape of the respective ootypes. Furthermore, 
there is a difference in the relationship of the length 
of the sclerotized penis to the length of the body 
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proper in each of the two parasites as illustrated in 
Fig. 1, which is based on measurements taken from 
a random sample of 10 cloacal and 10 ccelomic para- 
sites from Plymouth rays’*. 

It is conceivable that some of the differences 
between the cloacal and ccelomic parasites, for 
example, the development of diverticula from the 
intestinal ceca, and the lobing of the proximal 
region of the ovary, could possibly result from normal 
growth. But some other differences, for example, 
the re-orientation of the vaginz and of the intestinal 
ceca, and the change in shape of the ootype, would 
involve a drastic re-organization of the body. Such 
a@ re-organization is not suggested by what is in 
fact known about the ontogenetic development of 
D. coeliaca. Hunter and Kille* have observed three 
young specimens (1-4, 2-2 and 2-5 mm. long respec- 
tively) in which the course of the intestinal cca was 
as in the adult. Moreover, the posterior adhesive 
organ in these three very small specimens (compare 
the measurements with those given in Fig. 1), 
together with that in a fourth specimen only 0-57 
mm. long, was of the D. coeliaca form, that is, having 
numerous shallow loculi. 

C. kroyert from the cloaca is known to produce egg 
capsules that yield larve®. Why then should the 
animal, after producing such capsules, indulge in 
something approaching a metamorphosis, migrate to 
a new ecological niche, and there produce further egg 
capsules ? Such a pattern of life-cycle would be, 
so far as I am aware, unique in the animal kingdom. 
Phylogenetically, the adoption by D. coeliaca of a 
habitat completely within the host could well have 
been by way of the abdominal canals from the cloaca to 
the ccelom—indeed this seems probable, and D. coeliaca 
and C. kroyeri are obviously closely related. Eventually 
it may be shown that the two species are better 
regarded as belonging to the same genus, but in the 
meantime there are no grounds for dissenting from 
Brinkmann’s acceptance of two separate genera, a 
conclusion based on a thorough comparative review of 
six species of Calicotyle* and of Dictyocotyle coeliaca’. 

There is nothing in the recent observations by 
Dawes and Griffiths that would be inconsistent 
with their having found parts of damaged but other- 
wise normal specimens of Calicotyle kroyeri in the 
cloacas and abdominal canal of Plymouth hosts which 
they identified as Raia radiata. (The species of Raia 
at Plymouth have been studied in detail*.®, but R. 
radiata had never been recorded previously.) 


J. LLEWELLYN 


Department of Zoology and Comparative Physiology, 
The University, Edgbaston, 
Birmingham 15. Dec. 9. 


1 Dawes, B., and Griffiths, I., Nature, 182, 1033 (1958). 

* Hunter, G. C., and Kille, R. A., J. Helminth., &4, 15 (1950). 

s ert 98y). J., and Green, J. E., J. Mar. Biol. Assoc. U.K., 36, 77 

‘ Dawes, B., “The Trematoda of British Fishes” (The Ray Society, 
London, 1947). 


*EKuzet, L., Ann. Parasit, Hum. et Comp., 82, 197 (1957). 

* Brinkmann, A., Univ. Bergen Arb. naturv. R., No. 1 (1939-40). 

’ Brinkmann, A., Univ. Bergen Arb. naturv. R., No. 1 (1952). 

* Marine Biological Association, “Plymouth Marine Fauna, 1957”. 
* Steven, G. A., J. Mar. Biol. Assoc. U.K., 18, 1 (1932). 


In giving our opinion that ‘Dictyocotyle’ is simply a 
ccelomic form of Calicotyle we were well aware of some 
apparent structural differences between the two 
forms. Indeed, some of the supposedly distinctive 
characters had been detailed’. Perhaps the most 
obvious difference is one of size; Calicotyle rarely 
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exceeds 5 mm. in length, but ‘Dictyocotyle’ may 
exceed 11 mm. It is not surprising, therefore, that 
the eggs of the celomic form should also be larger. 
However, the difference is not great, even in the 
imperfect state of our knowledge. One of us gave the 
size of the egg of the cowlomic form as 186 x 100z, 
with a filament 192 long*; Hunter and Kille*, who 
found many eggs but did not give the size-range, 
provided the figures 2154 x 100u (+ 50p for the fila- 
ment). In the places cited by Llewellyn, for Calicotyle, 
comparative figures are 100n% x 110% (+ 35u for the 
filament)* and 100-110y( + 100-130y forthe filament)’. 
As regards shape, which defies description and must 
be greatly influenced by fixation, the eggs of the 
ceelomic form were said to be “pyriform’’*, “roughly 
spindle shaped, and triangular in cross section’’, 
while those of Calicotyle were described as “‘triangular 
in optical section’’*, and “tétraédriques” (“deux cétés 
du tétraédre sont parcourus par une lame mince 
formant une caréne”)’. The “‘three-sided pyramidal’’ 
eggs of C. affinis measure 145yp x 104y (+ filament 
52u long) (no range given)*. Incidentally, the 
“caréne” mentioned by Euzet is indicated in photo- 
graphs of the eggs of ‘Dictyocotyle’*. Presumably the 
coelomic form has a larger egg because of the greater 
size of the ootype, but we do not believe that signi- 
ficant differences in shape of the internal cavity of this 
organ, which acts as a mould in which the egg is 
formed, can be demonstrated for the coelomic and 
cloacal forms in preserved whole mounts. As regards 
the cuticularized penis, the length is difficult to 
measure and may be less in formas acceptable to all as 
C. kroyeri than in ‘Dictyocotyle’, but it definitely is 
not less in ‘C. affinis’, where it likewise consists of three 
or more large turns of a spiral. Brinkmann‘® is of 
the opinion that ‘C. affinis’ is a valid species (which 
is not proved beyond dispute) and a parasite of 
Chimaera which may wander from the cloaca into 
the rectum, but he found it also in the cloaca of Raia 
fullonica, in which location and host he also found 
OC. kroyeri. 

Differences in the form of the intestine and the 
position of the vaginal pores may be explained if we 
recall to mind the extreme mobility of the internal 
organs of the living trematode. In Calicotyle the 
presence of the opisthaptor and its extrinsic muscles 
provides a sort of barrier to the backward movement 
of the viscera. However, if the haptor is lost, such 
restraint is removed and the viscera will tend to 
‘flow’ freely into a more posterior position. The same 
result will no doubt occur also in young forms which 
do not develop a normal Calicotyle-type haptor, the 
backward flow most obviously affecting the vitellaria 
and their ducts as well as the cw#ca. The hind ends 
of the vagine would also be drawn back ; but their 
anterior ends, attached at the pores to the integument, 
would not be affected. The net result would be an 
apparently new situation of vaginal pores relative to 
the anterior ends of both vitellaria and cxca. 

Llewellyn asks why Calicotyle, after producing 
viable eggs in the cloaca of the host, should migrate 
to “a new ecological niche” and there produce more 
eggs. We do not suggest that the trematode ‘indulges’ 
itself in any way, but merely that it passes from a 
precarious location into nearby abdominal canals 
during the course of its normal movements. Coslomic 
forms presumably attain a larger size because of 
continued growth in a ‘safer’ location ; cloacal forms 
above a certain size may be swept away, and the 
reason may include the fact that the opisthaptor 
becomes progressively relatively smaller with increase 
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in body-size. It might be asked, however, what is the 
advantage of ‘adopting’ a habitat which is disadvay. 
tageous should the host be a male. Hunter and Kile? 
found large masses of eggs (which “showed no gj 
of cleavage’’) in the ceelom of male skates. Althou 
able manually to squeeze eggs through the abdoming| 
pores (the only means of egress), they had to admit 
“that escape through the abdominal pores is not 
very efficient and that the female host is mainly 
responsible for the transmission of the parasite”? 
They also found eggs in the spiral valve of some of 
the rays examined, though it was not clear how they 
had reached this situation “unless they had been 
ingested by the host”. If and when the eggs of 
‘Dictyocotyle’ are incubated and the emergent larvs 
reared, the relationship between this form and 
Calicotyle may be fully elucidated ; in the meantime, 
the colomic form remains enigmatical and we se 
no reason for modifying our previous opinion. 
BEN Dawes 


VoL. 183 


Department of Zoology, 
King’s College, 
London, W.C.2. 
Ivor GRIFFITHS 
Department of Zoology, 
Birkbeck College, 
London, W.C.1. 
Jan. 8. 
* Dawes, Ben, “The Trematoda” (Cambridge Univ. Press, 1946, 1956), 
* Dawes, Ben, Nature, 161, 642 (1948). 
* Hunter, G. C., and Kille, R. A., J. Helminth., 24, 15 (1950), 
“ Dawes, Ben, “The Trematoda of British Fishes” (The Ray Society, 
London, 1947). 
5 Euzet, L., Ann. Parasit. Hum. et Comp., 32, 197 (1957). 
* Brinkmann, A., Univ. Bergen Arb. naturv, R., No. 1 (1952), 


Cover on River Bottoms 


Ir was stated by Scott! that in a given area of river 
bottom large stones will cover a greater area of bottom 
than small stones (if it is assumed that all stones are 
equally spaced and of similar shape). The relation- 
ship between the covered bottom and size of stone is 
not, however, a simple linear one and it seems desirable 
to demonstrate this relationship. 

In Fig. 1 square stones of side A are arranged at 
equal distances D from each other inside a square of 
side LZ, one square of side A being in the bottom 
left-hand corner of the enclosing square. The quanti- 
ties D and L are fixed, and A varies. As A increases 
the sets of parallel uncovered areas will move to the 
right and upwards until eventually the stone in the 
bottom left-hand corner fills the area L*. The bed 
of the river is taken to mean the continuous sub- 
stratum on which the stones rest, the river bottom 
then being regarded as this bed together with the 
stones and other relatively discontinuous components 
resting on the bed. The area of the bed L* covered 
with the stones is denoted by C,, and we wish to 
describe the behaviour of C, as A increases. 

In general we can write : 


L=n(A + D) +2, 
where 0 <2 <A + D, and n is a positive integer 
zero. 
If A <2 <A + D, it can be seen that : 


Cy, = (n + 1)*A* 
Now increase A by & small quantity Z so that: 
L=n(A +E +D) +2’, where A +E <* 
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Fig.1. The case where 0 < 4 <Aandn = 2 


Then : 
Cy’ = (n + 1)°(A + E)* 
and : 
C0,’ — Cp = E(n + 1)%(2A + £) 
whence : 
C,’ > Cy and so C, increases with A 


For 0 <a <A, Cyremains constant as A increases 
because the increase in C, due to stones within L? 
is equalled by the decrease in C, due to stones passing 
out of L?. A graph of Cy, against A is given in 
Fig. 2. The increasing portions of the curve are 
parabolic ; but they approximate closely to the 
A similar proof for circular 
stones will be developed elsewhere. 

If the above theory is applied to river bottoms 
certain assumptions and limitations need to be con- 
sidered. The assumptions of constant A and D are 
obviously unlikely to be met unless sorting is very 
efficient. Nevertheless sorting does occur, and it is 
possible to find areas where constant A and D are 
approached. It is also possible to create areas of 
constant A and D experimentally. It is considered, 
however, that the relationship demonstrated above 
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is of less interest than the concept of Cy as a para- 
meter in river ecology. 

The importance of C, in this respect depends on the 
fact that a large proportion of the macroscopic inverte- 
brate fauna is found on the ventral faces of stones or 
on the bed covered by the stones'*. A fraction of 
the fauna is also associated with the other faces of the 
stones, but this will not be considered here. The 
association of much of the fauna with what is here 
denoted as C, is probably due to the fact that the 
stones offer areas in which there is reduced current 
velocity, protection from vertebrate predators, an 
accumulation of organic particles, and some degree of 
stability during floods’. It follows that increased 
size of stone will tend to be correlated with increased 
population density of the bottom fauna'.*-°, 

The limitations of C, as a parameter depend on 
the type of river bottom examined. The usefulness 
of C, will vary broadly with the proportion of smaller 
particles in the bed. A possible limit is offered by 
the Wentworth scale of clastic sediments, for the 
upper limit of smaller particles could be taken as 
4 mm. (granules), particles below this size being 
regarded as small in relation to much of the inverte- 
brate fauna. Particles above this size could be 
regarded as the components providing C,. Obviously, 
if the bed were composed largely of boulders, and the 
interstices were not filled by relatively small particles, 
the concept of Cy could not readily be applied since 
cover is offered at layers below the surface of the bed. 
If, however, the bed consisted of sands and silt most 
of the fauna would utilize the Cy, provided by stones 
resting on the bed. Another factor affecting the inter- 
pretation of C, is the height of the stones on the 
bed. With increasing height of these stones, especially 
where D is small, the ecological difference between 
C, and the uncovered bed would tend to lessen, for 
the screening effect of the stones would tend to bring 
about in the uncovered areas those factors which 
characterize Cy. 

If these limitations are accepted, C, can be regarded 
as a useful parameter. Since it is a measure of several 
factors that are broadly favourable to river inverte- 
brates, it will tend to be directly related to the popula- 
tion density of the macroscopic bottom fauna. It 
can be expressed as the ratio of the sum of the areas 
of the larger stones in a given area to the given area. 
A sandbank could have C, = 0:0, while an area 
covered with large pieces of bedrock could have C, = 
0-9. 

It is accordingly proposed that the symbol C, be 
used in the sense defined above. The letter C is used 
to denote cover, and since this letter is already used 
in various ways by limnologists the subscript v is 
added to denote current velocity. 

D. Scorr 
Natural History Department, 
J. M. RusHrortH 
Mathematics Department, 
Queen’s College, 
University of St. Andrews. 
Jan. 8. 

1 Scott, D., Arch. Hydrobiol., 54, 340 (1958). 
* Carpenter, K., “Life in Inland Waters” (London, 1928). 
* Percival, E., and Whitehead, H., J. Ecol.. 17, 282 (1929). 
“Hora, 8. L., Phil. Trans. Roy. Soc., B, 218, 171 (1930). 
* Ruttner, F., “Fundamentals of Limnology” (Toronto, 1953). 
* Needham, P. R., Rep. N.Y. State Conserv. Dept., 17, 192 (1927). 
7 Tarzwell, C. M., Trans. Amer. Fish. Soc., 66, 177 (1936). 
* Sprules, W. M., Univ. Toronto Stud. Biol., 56, 1 (1947). 
* Pennak, R. W., and van Gerpen, E. D., Ecol., 28, 42 (1947). 
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BACTERIOLOGY 


Immunological Activity of Precolostral 
Calf Serum 


A FAILURE of passage of immune and normalantitody 
across the placenta of the cow has been described by a 
number of authors’. Antibodies have been shown 
to be transferred to the calf, during the first 24 hr., 
in the colostrum, and this has been shown to be 
associated with a parallel rise in serum y-globulin 
from around 2 per cent of the total serum proteins to 
30 per cent, the level found in the adult cow?®. 

Sera from 6 calves, taken before suckling could 
occur, were studied to determine the basic immuno- 
logical activity of a mammalian serum before the 
acquisition or development of normal antibodies. 
The sera were titrated for their bactericidal activity, 
and estimates were made of the titre of properdin® 
and complement. An attempt was also made to de- 
termine whether there was any conglutinin activity 
in these sera. Titration of bactericidal activity of the 
fresh sera was performed by Nagington’s method‘. 
Properdin was titrated by the modified method of 
Howard, Rowley and Wardlaw’ and the level of con- 
glutinating complement by that of Hole and Coombs‘. 

The serum bactericidal activity of calf R80 is 
shown in Table 1. Similar activity was found with 
the sera of the other 5 calves. There was little or no 
bactericidal activity against a wide range of smooth 
organisms tested, whereas the serum was highly 
bactericidal against the two rough strains tested, 
Salm. typhi SW540 and Shig. shiga K624. This 
activity was completely removed by absorption 
with 0-2 gm./ml. of zymosan for 2 hr. at- 4° C. 


Table 1, MAN NUMBER OF BACTERIA KILLED BY 0°02 ML. SERUM 
oF CaLF R80 
Rough organisms 


Salm, typhi SW540 1-2 x 10° 
Shig. shiga K624 >7°5 x 10° 


Smooth organisms 


Aw AA 
HRM COO RRO 
& £OK ce 


AA 


The bactericidal activity was associated with a level 
of properdin which ranged within + 50 per cent of the 
level found in a normal adult bovine serum, and with 
conglutinating complement titres of 16-32. No 
conglutinin was demonstrated by the standard method 
of Coombs and Coombs’, but conglutination of starch 
grains (Amaranthus cruentus) and bacteria was 
observed under the phase-contrast microscope, 
associated with an inhibition of immune-adherence®. 

The bactericidal activity of precolostral calf serum 
is probably due to the interaction of properdin and 
complement. As antibody globulins cannot pass over 
the placental barrier, it is therefore probable that 
properdin and the components of complement neces- 
sary for the bactericidal activity of precolostral calf 
serum are developed by the foetus in utero and are 
not related to the production of normal antibodies 
which appear to develop as a function of the age of the 
calf®. 

Precolostral calf serum is an example of the proper- 
din system unaffected by normal antibody. In other 
systems where the bactericidal activity of properdin 
has been studied*, there has always been normal 
antibody present which might have confused the 
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picture. The experiment described suggests that the 
properdin system in the new-born calf is relatively 
inactive against smooth strains of bacteria, whereas 
it is highly bactericidal to rough strains. This ig jn 
keeping with the observation that calves deprived of 
colostrum are very susceptible to an E. coli septice. 
mia, despite having properdin and complement 
levels of the same order as those found in adul: 
cattle. 

I am indebted to Dr. A. E. Pierce of the Agricul. 
tural Research Council Institute of Animal Physiology, 
Babraham, for providing the six sera, and for checking 
their electrophoretic composition. 


J. L. Torx 


London School of Hygiene and Tropical Medicine, 
Keppel Street, 
London, W.C.1. 
Jan. 8. 
* Burnet, F. M., and Fenner, F., “The Production of Antibodies”, 
2nd'ed., 71 (Macmillan, London, 1949). 
* Pierce, A. E., J. Hyg. (Camb.), 58, 261 (1955). 
* Pillemer, L., Blum, L., Lepow, I. A., Ross, O. A., Todd, B. W., and 


Wardlaw, A. C.; Science, 180, 279 (1954). 

‘Nagington, J., Brit. J. Exp. Path., 37, 885 (1956). 

6 eet G., Rowley, D., and Wardlaw, A. C., Immumnol., 1, 181 
(1958). 


* Hole, N. H., and Coombs, R. R. A., J. Hyg. (Camb.), 45, 490 (1947). 
eae a M., and Coombs, R. R. A., J. Hyg. (Camb.), 51, 809 
* Turk, J. L., Immunol. (in the press). 

* Wardlaw, A. C., and Pillemer, L., J. Exp. Med., 108, 553 (1956). 


A Sourcefof Error in Microbiological 
‘Assays attributable to a Bacterial 
Inhibitor in Distilled Water 


Most workers in microbiological assay will have 
had experience of the well-established assay pro- 
cedure that will occasionally give sub-optimal growth 
in some of the tubes, and hence discordant replicates. 
In our experience, folic acid assays using Streptococcus 
faecalis R are particularly prone to troubles of this 
kind, and such behaviour can be a serious practical 
difficulty. 

We have observed that replication is much better 
in some batches of ‘clean’ tubes than in others and 
that the difference is attributable to an unidentified 
contaminant in certain batches of distilled water used 
for the final rinsing of the tubes. 

‘Difco’ folic acid assay medium (single strength) 
supplemented with 2-5 mygm. folic acid/ml. was 
dispensed into ‘Pyrex’ tubes. After autoclaving and 
cooling, they were inoculated with one drop of 
washed, undiluted suspension of Streptococcus faecalis 
R. cells from a culture 5-8 hr. old, and growth was 
estimated with a ‘Spekker’ absorptiometer after 
overnight incubation. The tubes were cleaned before 
use by boiling for 10 min. in 2 per cent washing soda, 
steeping overnight in 3-5 per cent hydrochloric acid, 
rinsing nine times in tap water and twice in distilled 
water, and drying in an oven. Such tubes are 
designated ‘clean’ tubes. For the work to be described 
below, ‘clean’ tubes were filled with distilled water, 
autoclaved for 15 min. at 15 Ib./sq. in. pressure, 
emptied and dried in an oven immediately before use. 
Such tubes are designated ‘rectified’ tubes. 

Excellent replication could invariably be obtained 
if the tubes were ‘rectified’; ‘clean’ tubes, on the 
other hand, would often give lower and less regular 
responses. Often this difference would be slight or 
non-existent, but in extreme instances, some of the 
‘clean’ tubes would show no detectable growth. 
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Table 1 





Date of washing 10/12 


11/12 17/12 18/12 19/12 





No. of tubes 10 
Mean response 0-264 
Coefficient of variation (per cent) 39 


12 
< 0-109* 
>108 


12 12 12 10 
0-246 0-326 | 0-330 > 0-322 
35 36 18 22 15 


12 
<0-211* 
>60 





No. of tubes 6 
Mean response 0-501 
Coefficient of variation (per cent) 


5 
0-457 
2-6 3-0 











6 6 6 6 4 
0-497 0-457 0-450 | 0-450 0-534 
12 6-6 8-2 2:7 11 





























* Some tubes in these series showed negligible growth and were not read. 


Batches of ‘clean’ tubes were compared at intervals 
over @ period of 4 weeks in December 1957 with 
batches of ‘rectified’ tubes, and the mean growth 
responses, together with their coefficients of variation, 
are summarized in Table 1. 

It will be seen that the marked irregularity both 
within and between batches is markedly reduced by 
‘ectifying’. It must be emphasized, however, that 
‘lean’ tubes do not always behave as irregularly as 
in the instances quoted, and some months later, no 
significant difference could be detected when ‘clean’ 
and ‘rectified’ tubes were compared. 

Many attempts were made to vary the details of 
the glass-washing procedure in the hope of producing 
the irregular results at will. All~ ve without success 
until it was found that the i. srtant variable is 
the distilled water used for the final rinsings of the 
tubes. Some samples of distilled water, it is now 
dear, contain traces of an inhibitor, and tubes rinsed 
with it will support only sub-optimal and variable 
growth. Furthermore, the inhibitor appears to be 
volatile, for it is lost if the distilled water is degassed 
by boiling down to 50 per cent of its original volume. 
Table 2 shows the individual responses, means and 
wefficients of variation in a typical experiment, and 
it will be seen that tubes rinsed with degassed water 
would give results almost as good as those obtained 
by ‘rectifying’. 


Table 2 





‘Clean’ tubes 
‘Rectified’ 
controls 





Rinsed with degassed 
distilled water 


0-498 0-480 


Rinsed with untreated 
distilled water 


0-324 0-028 
0°325 0-299 
0-351 0-045 
0-052 0-281 
0:376 0-295 


0-238 








0-527 
0-504 
0-510 
| 0-506 
} 0:529 
| 


Mean 0-515 


| Coefficient of 
| Variation (per 
| cent) 23 58 




















Distilled water for glass washing in this laboratory 
comes from a ‘strip action still’ which uses steam 
directly from the steam mains. We have, however, 
examined samples of water from a ‘Bara’ still and 
from an all-glass double-distillation pyrogen-free unit, 
by using them for the final stages of tube rinsing. 
Both, on relatively rare occasions, have produced 
tubes inferior to the ‘rectified’ controls, and have 
been shown to be improved by degassing. The con- 
taminant, therefore, is not peculiar to the ‘strip action 
sil’, and indeed we have encountered periods of 
many weeks when no advantage was gained by 
a and the inhibitor was, presumably, 

t. 


80 far we have been unable to collect enough 
material to identify the inhibitor. We have evidence 


that it may be removed from the distilled water 
by passing through a mixed bed ion-exchange column 
or by activated charcoal. It can be removed from the 
tubes by rinsing with degassed distilled water or even 
with tap water, but even more successfully by rinsing 
with ethyl methyl ketone (other solvents have also 
been used successfully). The pooled ethyl methyl 
ketone rinsings have been evaporated to small bulk 
and shown to be markedly inhibitory. A preliminary 
examination of the residue by infra-red spectroscopy 
revealed peaks at 2-92, 3-43, 5-87, 7-30 and 7-96u— 
a finding not inconsistent with the assumption that 
the inhibition is probably due to traces of short-chain 
fatty acids. 

Toennies and Gallant? mentioned autoclaving in 
distilled water in the preparation of tubes for 8. 


faecalis assays, but they did not speculate on the 


mechanism of this procedure. Jones, quoted by 
KE. M. Lansford (private communication), found that 
some samples of distilled water would not inactivate 
biotin, whereas others, containing more than 0-1 
p-p.m. of chlorine, would do so completely. Because 
of this, Lansford® degasses his distilled water for the 
preparation of vitamin supplements. Collier* has also 
shown that 0-3-0-4 p.p.m. chlorine might be present 
in distilled water. Samples of our distilled water, 
tested by the o-tolidine method, showed less than 
0-05 p.p.m. free chlorine. 

Wilson‘, as long ago as 1935, found that metal- 
distilled water had a high, but variable, bactericidal 
effect which was present at some times but not at 
others and was apparently due to metallic copper. 
Rinsing tubes with distilled water containing 
100 p.p.m. of added copper sulphate had no effect 
on our experiments. 

Our findings would suggest that traces of volatile 
inhibitors other than chlorine can occur in distilled 
water that can be a serious source of frustration in 
microbiological assays. Not only the tubes may be 
affected, for we have also found occasional evidence 
of traces of the inhibitor in other laboratory glass- 
ware; batches of medium stored therein give sub- 
optimal growth. Results to date would seem to 
indicate that a mixed bed ion-exchange column is 
effective in the removal of the inhibitor and there 
may, therefore, be an advantage in using demineral- 
ized rather than distilled water for work of this 
kind, as is recommended by Tomlinson* in the 
preparation of tubes for tissue culture studies. 

Some preliminary experiments suggest that modifica- 
tion in methods of culture maintenance and inoculum 
production in S. faecalis assays may influence the 
sensitivity of the cells to the inhibitor. Clearly, cells 
that are relatively insensitive to, or media containing 
an antagonist for, the inhibitor will tend to give more 
precise assays. Our experiments suggest that Lacto- 
bacillus fermentum and L. helveticus may also be 
affected to a limited extent, and further experiments 
on these aspects are in progress. 
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We are grateful to Dr. E. M. Lansford, jun., for 
details of results obtained by Miss M. A. Jones at the 
University of Texas, to Mr. K. J. Stevens, who 
carried out some of the early experiments in this 
laboratory, and to Mr. P. R. Watt for examination 
of our sample with the infra-red spectrophotometer. 

S. A. Price 
L. GARE 
Walton Oaks Experimental Station 
(Laboratories of Vitamins, Ltd.), 
Dorking Road, 
Tadworth, Surrey. 
Dec. 31. 
* Toennies, G., and Gallant, D. L., J. Biol. Chem., 174, 451 (1948). 
* Jones, M. A., M.A. thesis, University of Texas, quoted by Dr. E. M. 
Lansford, jun. (private communication). 
* Lansford, E. M., Harding, W. M., and Shive, W., Arch. Biochem., 
73, 180 (1958). 
“Collier, H. B., et al., Canad. Med. J., 69, 321 (1953). 
* Wilson, G. 8., “The Bacteriological Grading of Milk’, M.R.C. 
Special Report Series No. 206 (1935). 


*Tomlinson, A. J. H., Min. Health and Pub. Health Lab. Service, 
Mon. Bull., 15, 51 (1956). 


Application of Logarithms to the Base 2 
in the Use of Exponential Dilution 
Series for the Study of Antibiotic 

Combinations 


EXPONENTIAL dilution series are useful not only 
in serology* but also in the study of the retardation 
of bacterial growth caused by antibiotics in low 
concentrations, which may be illustrated by the 
following example. 

Dilution series of antibiotics of concentrations cy, 
Co-2-1, Co.2-*.., Co.2-% are made in a fluid nutrient 
medium ; ¢, is chosen in accordance with the activity 
of the antibiotic and the sensitivity of the bacterial 
strain investigated. Growth response after inoculation 
and incubation may be studied by plotting percentage 
absorption of light, read at regular time-intervals, 
against time. A set of growth-curves at more or less 
regular distances from each other is obtained. Inter- 
polation, however, is difficult. Apparently, the area 
enclosed by a growth-curve, the time axis and the 
ordinates of starting- and end-points of incubation 
would be a good measure for the total growth- 
response. Having no means for continuous reading of 
the absorption, we have tried to approximate the 
response by addition of the absorption read after 
incubation for 2}, 5, 7$ and 24 hr. respectively. The 
sum, written La, is plotted against x, to give a concen- 
tration —response curve. Fig. 1 represents such 
curves for a strain of Micrococcus pyogenes and five 
antibiotics. 

By means of Fig. 1 equivalent antibiotic concen- 
trations can be determined more accurately than 
hitherto*. (We use such concentrations in the sub- 
bacteriostatic range in the study of antibiotic com- 
binations.) The curves in Fig. 1 show different shapes 
and slopes. This feature may be difficult to explain, 
but it is not quite unexpected. For the time, 7, 
necessary to sterilize a bacterial suspension by an 
antiseptic, Chick‘ has given the formula t = k.1/c”, 
where c is the concentration, k and n are constants, 
the latter characteristic of the antibiotic investigated. 
A similar relation may be expected between concen- 
tration and effect of antibiotics in retarding growth, 
and growth-response would be dependent on concen- 
tration in an inverse sense. Whatever may be the 
exact explanation, the consequence is that the curves 
in the diagram may cross one another and the ratio 
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Fig. 1. Concentration—response of M. pyogenes Z 156 to five anti- 

biotics. 2a = sum of percentage absorption of light by culture, 

read after incubation for 2}, 5, 74 and 24 hr. in ‘Bacto’ heart 

infusion broth. Concentration: ¢ = ¢, xX 2-2; cz, equivalent 
concentrations determined for Za = 144, 

E, erythromycin ; =] vem./ml., 

cz 2-469 = 0-31 vgm./ml, 


N, novobiocin ; 
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O, oleandomycin; 
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S, spiramycin ; 


$ > 1-30 wgm./ml. 
T, tetracycline ; 1 
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= 35 wgm./ml. 


of the strengths of two antibiotics may thus depend 
on concentration. Thus, in our example it can be 
calculated that at La = 235, 2-4 ugm./ml. erythro. 
mycin is equivalent to 2-76 ugm./ml. novobiocin, 
which means that 1-7 pgm. erythromycin equals 
1 pgm. novobiocin (the strain is moderately resistant 
toerythromycin). At Xa = 105, however, 2-55 ugm./ 
ml. erythromycin is equivalent to 2-* yugm./ml. 
novobiocin, so here 1 pgm. novobiocin is equalled 
by 5-5 ugm. erythromycin. The ratio of the relative 
strengths of erythromycin in both cases is 5-5: 1-7 = 
3-2: 1. For another strain, having different sensi- 
tivities to erythromycin and _  novobiocin, the 
corresponding ratio was found to be 2-5: 1. 

For our purpose concentrations at which the 
response amounts to about half the control value are 
most suitable. A reference point is chosen on the 
curve which best approximates linearity, in our 
diagram the point x = 2, La = 144 on the curve for 
oleandomycin. For the other antibiotics, equivalent 
concentrations can now be found approximately by 
simple linear interpolation. This can, of course, be 
done directly from the numbers algebraically, which 
makes the laborious drawing of the diagram super- 
fluous. The values of c, in our example have, in 
fact, been calculated in this way so far as x is con- 
cerned. The calculation of c).2-2 requires logarithms 
to the base 2. Though a special table may be used, 
a slide-rule with ‘log-log’ scales is more convenient. 
Sufficiently accurate for our purpose is, however, the 
use of a rule with cubic and log, scales, since Vt 
on the linear and x on the cubic scale correspond with & 
0-1 log,x on the log,, scale, which is proved by the 
following relation : 


log,9@ = log,a.log,o2 


Therefore log 19x77 = }logiov = }.log 2. log.v = 


— log,x = 0-1 logsx approximately. 


There are no further problems now in the caleu- 
lation of cz = ¢».2-*, particularly if the slide-rule * 
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also provided with a reciprocal linear scale. Thus, 
1 
= 0-29 is calculated 


10-35 
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for example, 3-2-8-47 = 3 x 


inless than’a minute. 
H. J. Osxam 


A. KOELMAN 
Bacteriology Department, 
University Medical Hospital, 
Utrecht. 


:Vennes, J. W., MacDonald, R. E., and Gerhardt, P., Nature, 180, 
1862 (1957). 

‘Boyd, W. C., Nature, 181, 1348 (1958). 

‘Qskam, H. J., Koelman, A., and v. d. Schee-Jansen, M., Acta Med. 
Scand., 155, 335 (1956). 

‘Chick, H., J. Hyg. (Camb.), 8, 92 (1908). 


PSYCHOLOGY 


Preferences for Different Combinations 
of Chance and Skill in Gambling 


GAMBLING situations range from those where the 
outcome is, in fact, more or less beyond the player’s 
control to those where the outcome is more or less 
within his control in so far as it depends on his skill. 
In any particular gamble, however, the player’s 
decisions are determined by his view of the situation 
rather than by its objective features. Thus he may 
consider the outcome as largely or entirely due to skill 
when the over-riding factor is chance. Many of the 
millions who fill in football-pool coupons grossly 
exaggerate the degree to which skill in completing 
the coupon can influence their chance of success ; 
and even in @ national lottery, such as Premium 
Bonds in Great Britain, the gambler may persuade 
himself that he is improving his chances of success 
by contriving to obtain certain ticket numbers and 
toavoid others. 

Imagine now a range of situations such that, at 
one extreme, the outcome seems to the player to 
depend almost entirely on his skill, the element of 
chance being virtually excluded, and, at the other 
extreme, the outcome seems to him to depend almost 
wholly on chance, the element of skill being virtually 
excluded. The question before us is this : The player 
is offered the opportunity of choosing one com- 
bination of chance and skill on which to. gamble, 
is there a combination which would be generally 
preferred? We may also ask whether there are indi- 
vidual and group differences in preference due, for 
example, to age, experience, character, or occupation. 

We have carried out experiments in which the 
basie procedure was as follows. The subject was 
shown a box containing a varied selection of prizes 
in the form of sweets and chocolates and he was 
told he would win one if he succeeded in rolling a 
ball through an aperture. He stood at one end of a 
table at the other end of which was a variable aperture 
which could be adjusted to any width up to 2 ft. 
At stage 1, the experimenter began to widen the 
aperture and the subject was asked to stop him 
vhen he thought he could get the ball through, say, 
fow times in ten attempts. This procedure was 
‘peated with a second variable aperture, and this 
time the subject stopped the experimenter when the 
gap was such that he thought he could get the 
ball through, say, six times in ten attempts. At 
stage 2 the subject was told that he could only 
attempt to roll a ball through an aperture if he 
seceded in drawing (blindfolded) a red ball from 
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Fig. 1. 


a@ bag containing ten balls. If he chose the smaller 
aperture he would have to draw a ball from a bag 
containing six red balls in the ten. If he chose the 
larger aperture he would have to draw a ball from/a 
bag containing four red balls in the ten. The product 
of the two subjective probabilities, that of drawing 
a red ball and that of rolling it through the gap, was 
0-24 in both instances. In this experiment the subject 
thus chose between two different combinations of 
probabilities where the product of the subjective 
probabilities remained constant. 

Four different such choices were presented in 
random order. In each case the subject had to choose 
either a larger gap and a smaller proportion of red 
balls or a smaller gap and a larger proportion of red 
balls. After the choice in the fourth situation the 
subject was allowed an attempt to draw a ball which 
he could aim at the gap and, if successful, win a prize. 
The four situations and the resulting choices are set 
out in Table 1. There were 29 male subjects of average 
age fifteen years. 

In Table 1 the value 0-9, for example, under 
‘skill’, means that the subject thought he could roll 
the ball through a gap nine times out of ten; and 
the value 0-1, under ‘chance’, means that there was 
one red ballin the bag. The preferences are plotted in 
Fig. 1 against the element of chance in the four 
situations. 

It may be inferred from the figures in Table, 1 
that whenever a choice has to be made between 
leaving more to skill or leaving more to chance the 
subject prefers to rely more on skill, or to leave less 
to chance, or both. This tendency to rely more on 
factors within one’s control or to rely less on factors 
outside one’s control become more marked as the 
Table 1. CHOICES IN SITUATIONS INVOLVING LESS SKILL AND MORE 


CHANCE OR MORE SKILL AND LESS CHANOH, THE PRODUCT OF THE 
Two SUBJECTIVE PROBABILITIES REMAINING CONSTANT (PERCENTAGES) 





Alternatives Choices 


Skill~ Chance or Skill— Chance 
(a) (0) 
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Table 2. PREFERENCES FOR A PARTICULAR COMBINATION OF SKILL 
AND CHANCE OUT OF SIX POSSIBLE COMBINATIONS, A TO F, WITH 
THE SAME COMPOUND PROBABILITY (PERCENTAGES) 





| 


| Preferences | 
: \ 

| 

| 

] 





Training } 
college 
students 





36-4 
15-3 


4 























| 100-0 | 100-0 





outcome becomes increasingly dependent on one or 
other of these two sets of factors. 

We still do not know, however, what would be 
preferred if the subjects were offered a range of such 
choices in which the total subjective probability 
remained unchanged. For example, would subjects 
prefer the combination 6-8 and 0-2 or 0-4 and 0-4? 
Accordingly, in a second variation of the experimental 
procedure, other groups of subjects chose one out of 
six different skill-chance combinations with the 
same compound probability. In order to be able to 
offer a wider choice of equivalent compound probab- 
ilities, the gap had now to be adjusted to a given 
number of successes out of a total of twelve attempts 
and there were twelve balls in the bag. The resulting 
decisions are shown in Table 2. The sample con- 
sisted of 202 subjects, including 84 grammar school 
boys aged about fifteen years and 118 training 
college students, male and female, ranging in age 
from eighteen to forty years. 

From the figures in Table 2, together with the 
reasons given by the subjects for their choice, certain 
distinctive preferences are evident. First, the vast 
majority prefer to rely more on their skill than on 
chance. Secondly, rather more than a third of the 
subjects prefer to eliminate one source of uncertainty. 
In most instances (those who chose A) the subjects 
prefer to rule out the possibility of not drawing a 
red ball; in other words they are anxious to be 
certain of an attempt to roll a ball through the gap. 
Thirdly, there is a considerable proportion for whom 
C is the most popular, that is, the situation when 
there is an even chance of drawing a red ball. This 
feature is repeatedly emphasized in the subjects’ 
reports. Among the sub-groups of which the grammar 
school boys were composed, 50 per cent (14 out of 
27) of those specializing in classics preferred OC as 
compared with only 20 per cent (7 out of 35) of 
those specializing in science and mathematics. On 
the other hand, only a small proportion of subjects 
chose D, although here there is a subjective prob- 
ability of 0-5 of rolling the ball through the gap. 
It would seem then that, in this situation, a subjective 
probability of 0-5 which relates to chance impresses 
the subject more than a value of 0-5 which relates 
to his skill. 

Whatever preferences are expressed in these 
gambling situations depend on the way the subjects 
entertain their uncertainties relating to skill and 
chance. In previous studies' we have attempted to 
elucidate the conditions under which uncertainties 
from different sources are combined. In the present 
report we have identified the combinations which are 
preferred when the product of the subjective prob- 
abilities remains constant and we have described the 
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characteristic features in a gambling situation which 
determine these preferences. 
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JouN Coren 
C. E. M. Hanser, 
Department of Psychology, 
University of Manchester. 
Feb. 12. 


+ Cohen, John, Dearnaley, E. J.,and Hansel, C. E. M., Brit..7. Psychol 
49, 319 (1958); Durham. Res. Rev., 2, 215 (1958). “ 


A Priori Probabilities in Gambling 


WHEN persons observe randomly generated events 
of different kinds and are afterwards required to 
report on the frequency with which each kind of event 
occurred, they tend to over-estimate the frequency of 
occurrence of infrequent events and under-estimate 
that of comparatively frequent ones!.*, 

When persons are offered a choice of bets in a 
gambling situation they tend to over-value bets 
involving a low probability of a high gain and under. 
value bets involving a relatively high probability 
and low gain. This is true both of behaviour observed 
in the psychological laboratory* and that observed 
at race meetings‘. It has been suggested that this is 
due to an over-estimation of low probabilities and 
an under-estimation of high ones*. This would be in 
accord with the observations quoted above. But 
such a simple analysis of the gambling behaviour 
has been challenged® on the grounds that a subjective 
scale of values for the stakes and prizes which did not 
correspond to the objective monetary scale (for 
example, one in which a prize of five pounds was 
worth more than twenty times a stake of five shillings) 
could also account for these findings. 

I have attempted to examine the question of 
a priori probabilities directly by using a laboratory 
gambling task and questioning subjects before they 
begin to play. 

In my first experiment subjects had a choice of 
three bets. One bet had long odds (P = 0-2), one 
medium (P = 0-5), and one short (P = 0-8). Subjects 
made repeated choices and played for points. Two 
pay-off matrices were used. With one matrix, the 
bet having long odds paid off best (expectancy + | 
point per trial), the middle bet had zero expectancy 
and the bet with short odds was worst with an 
expectancy of — 1 point per trial. With the other 
matrix the expectancies were reversed (this was 
achieved by adjusting the size of the prize available 
for winning and the penalty extracted for losing). 
64 subjects were given one matrix, and a second group 
of 64 the other. The results showed that the worst 
bet was chosen more frequently when it had long odds 
than when it had short odds. Thus this task evoked 
the same kind of behaviour as that described above. 

Only one pay-off matrix was used with my second 
experiment, the one in which it paid to avoid the bet 
with long odds. 142 fresh subjects were used. 
Before they began they completed a questionnaire 
on which they had to state : (1) the number of times 
a mathematician would say that each bet would pay 
off if each was played 100 times (it was stressed that 
calculation was expected here); (2) the number of 
times they would actually expect each bet to pay 
off. The second statement represents their subjective 
probabilities. - 

Eleven subjects failed to make correct poses: A 
of the objective probabilities. The statements 0 
subjective probability made by the remaming 
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Table 1 


No. 4664 





Objective probability Long odds Short odds 
P=02 P=05 P=0°8 





| No. of subjects over- 
| estimating 16 23 62 
| No, of neutral subjects 30 76 33 
No. of subjects under- 
estimating 85 32 36 














subjects have been reduced to three categories : 
over-estimation, neutrality, and under-estimation. 
They are shown in Table 1. 

This shows clearly that the general tendency is to 
under-estimate the low probability and over-estimate 
the high one. 

The subjects’ subsequent behaviour showed some 
accordance with their subjective probabilities, but 
the relationship was not simple. In the first ten 
choices those who over-estimated the probability of 
the bet with long odds chose it on average 2-75 times, 
those who under-estimated 1-32 times, and those who 
were neutral 0-50 times. There are reasons for 
believing that the neutral subjects were relatively 
sophisticated : after the subjective probability 
statements were given, but before the first choice was 
made, subjects answered questions about the relative 
merits of the three bets. 21 of the 30 neutral subjects 
were able to state correctly which bet would pay off 
best, whereas only 42 of the 85 under-estimators and 
5 of the 16 over-estimators did so. 

Finally, although there is this correspondence 
between subjective probability estimates and subse- 
quent choice of bet, it must be noted that within the 
group as a whole most choices of the worst bet were 
made by those who under-estimated the probability 
of its paying off. 

H. C. A. DALE 
Medical Research Council 
Applied Psychology Research Unit, 
15 Chaucer Road, Cambridge. 
Feb. 10. 
‘Hornseth, J. P., unpublished Ph.D. thesis described in “Information 
Theory in Psychology”, edit. by Quastler (‘Tie Free Press). 

*Attneave, F., J. Hap. Psychol., 46, 81 (1958). 
‘Preston, M. G., and Baratta, P., Amer. J. Psychol., 44, 183 (1948). 
‘Griffith, R. M., Amer. J. Psychol., 62, 290 (1949). 
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ANTHROPOLOGY and ARCHA OLOGY 


Blood-group Investigation on Central 
Kalahari Bushmen 
Durinc August-September 1958, “an expedition 
organized by the Kalahari Committee of the Univer- 
sity of the Witwatersrand (in which the Anthropology 
laboratory of the Department of Human Anatomy, 
Oxford, participated) carried out anthropological, 
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medical, dental and other investigations on Bushmen 
in the Central Kalahari. The anthropological interest 
of this study lies in the following: (a) two com- 
munities examined, some 70 miles south of Ghanzi, 
were living a primitive hunting and food-gathering 
existence and could be compared with a third 
group of Bushmen living on farms in the Ghanzi 
district ; (6) the blood of Bushmen from the Kalahari 
region has not previously been grouped; hitherto 
all such data have been obtained from Bushmen of 
South-West Africa; (c) the antigens tested included 
the recently discovered Diego (the serum was kindly 
supplied by Dr. Layrisse) and also V and Js (sera 
kindly supplied by Dr. Eloise Giblett). Tests with 
anti-Diego sera were particularly apposite since some 
anthropologists have considered it possible that the 
Bushmen (and Hottentots), on account of their skin 
colour and frequent possession of an internal epican- 
thic fold, incorporate a Mongoloid component of 
distant or even recent derivation. There also is still 
uncertainty on the exact affinity of the Bushmen to 
existing Negroid populations. The V and Js antigens 
are common in Negro populations and therefore 
supplement information on Negro affinities afforded 
by other blood-group systems. 

The results are given briefly in Table 1 (for unrelated 
individuals) and will be considered in greater detail 
elsewhere, along with other genetic evidence obtained 
from a study of hemoglobins, haptoglobins and skin 
colour. 

The results indicate that the Central Kalahari 
Bushmen, like those from South-West Africa, exhibit 
in general a Negroid pattern in their blood groups, a 
conclusion already reached by Zoutendyk e¢ al.}. 
This is evidenced in the present results by the high 
frequency of ccDee, along with ccDE in a low 
frequency and the moderately high CceDe; it is 
supported also by the ratio of A, to A,, and especially 
the occurrence of V and Js. For the latter antigens 
the evidence so far is that a like frequency occurs 
among the Bantu. The total absence of the Diego 
antigen recalls a like finding in several Negro popula- 
tions?. It also provides some evidence against 
mongoloid admixture, as do the low B and the 
African Rh pattern. The ABO data for these Kala- 
hari Bushmen agree fairly closely with previous 
results from South-West Africa®?. The Bushmen, as a 
whole, as contrasted to Bantu and Negroids generally, 
are somewhat distinctive in the combination of a 
high A and a low B frequency and in the complete 
absence of Rh-negative individuals. It is not likely 
that there is much admixture in these Bushmen by 
local Kalahari Bantu since the B frequency is excep- 
tionally low, the O frequency rather high and ede 
totally absent. 

It is difficult from these and previous results to 
avoid the conclusion that the Bushmen are essentially 
Negroid, though they have undoubtedly undergone 
substantial modification, as suggested by various 
features of their morphology and by their genetic 


Table 1. BLOOD GROUP FREQUENCIES (PHENOTYPE PERCENTAGES) OF CENTRAL KALAHARI BUSHMEN 
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constitution as revealed by blood-group studies. 
Judging by skeletal finds, the Bushmen may well 
have enjoyed a long period of isolation in the southern 
tip of the South African continent ; such isolation, 
as well perhaps as the selection resulting from their 
more recent restriction to the inhospitable parts of 
South Africa, would seem to be the likely agencies 
bringing about their differentiation from some older 
Negroid stock. 

We acknowledge gratefully help received from 
Dr. A. E. Mourant and Dr. B. Kaminer. The work 
‘was supported by a grant to one of us (J. S. W.) from 
the Wenner-Gren Foundation for Anthropological 
Research. 


Department of Anatomy, 
Oxford. 


J. S. WEINER 


A, GOUTENDYK 


South African Institute for 
Medical Research, 


Johannesburg. 
Jan. 20. 
* Zoutendyk, A., Kope¢, A. C., and Mourant, A. E., Amer. J. Phys. 
Anth., 11, 361 (1953). 
* Layrisse, M., and Arends, T., Nature, 179, 478 (1957). 
P. C,, and Wishart, P, J., wid,, 180, 341 (1957). 


*Mourant, A. E., Kopeé, A. C., and Domaniewska-Sobezak, K., 
“The ABO Blood Groups” (Blackwell Scientific Publications, 
Oxford, 1958). 


Jungueira, 


An ‘Australopithecine’ Scoop from 
Herefordshire 

Suortity before Christmas last year, I was 
demonstrating a series of curious scoop-like cannon- 
bones recovered from the Makapansgat grey breccia 
during the past year to a group of visitors to show 
what looked like digging tools when one of the 
party, Mr. J. W. F. Hampton, said laughingly : 
“‘or apple-corers’’. 

On inquiry, I learned that he had suddenly 
recollected the object in the accompanying photo- 
graph around which four of its primeval relatives 
from Makapansgat are grouped. It was made about 
1890 by his father, F. H. F. Hampton from the 
eannon-bone of a sheep. 

The elder Hampton then lived at Ledbury in 
Herefordshire but fortunately he brought the apple- 
eorer to South Africa with him in 1926, and to his 
son it had been a diverting mantelpiece ornament. 
These sheep cannon-bone scoops were still in general 
use in the early part of the present century in 
Herefordshire. 

They were made chiefly for elderly folk, who loved 
crisp apples but had lost their teeth, to core their 
fruit, scoop out the flesh and convey it to their 
mouths in the form of a pulp. The custom died with 
the advent of false dentures, a decease doubtless 
expedited by its cheap metallic replacements in 
modern chain stores. 

The scoop on its left shows the ancestral form 
from Makapansgat ; the cannon-bone on its right 
with the depressed fracture running along its posterior 
aspect illustrates the original mode of manufacture, 
which will be discussed in more detail elsewhere. All 
that need be said here is that, as no stone tools what- 
ever have been found during the development of 
seven tons or more of this grey breccia, the fracturing 
was done by the calculated and repeated impact of 
bone upon bone. 

The two specimens in the top row are included to 
ehow that these scoops were made in different sizes 
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Fig. 1. Four antelope cannon-bone scoops from the australo- 
pithecine grey breccia at Makapanaget Limeworks grouped 
around the central Late Victorian sheep ca b Pp 
made by Mr. F. H. F. Hampton of Rustenburg in the Transvaal 
about 1890 and resident in Ledbury, Herefordshire, until going 
to South Africa in 1926. The scoop on its left shows the directness 
of the comparison to be drawn between the ancestral australo- 
pithecine scoop and its recent British counterpart. The scoop on 
its right illustrates the australopitheciné mode of manufacture 
by percussional linear fracture of the posterior wall of the bone. 
The two specimens in the yo) row are larger forms of the fossil 
eir base by use. (Centimetre scale) 





scoop worn down almost to t 


and were used right down to the base, even the artic- 
ular surfaces becoming worn by the severe attrition 
to which they were subjected. 

Some of them are so smooth that they look as 
though they had been oiled and polished ; but this 
unexpected evidence from Herefordshire makes the 
conclusion inevitable that their state is probably due 
to their service as scoopers of flesh, fat and other 
fluid pulps and as conveyors of them to the mouths 
of toothless infant and aged australopithecines. 

I am indebted to the generosity of the Hampton 
family for permitting me to photograph this fortu- 
nately preserved relic, and for their unexpected con- 
tribution to the resolution of a problem that has 
mystified me for the past year. The conservatism of 
mankind as well as the inventive genius of Australo- 
pithecus prometheus has been illustrated here by 4 
utensil that seems to have had the lengthiest run 
of any contrived by human intelligence. 


Raymonp A. Dart 


Medical School, 
University of the Witwatersrand, 
Johannesburg. 

Jan. 25. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, March 23 


tte o ACTUARIES (in 5 a Inn Hall, ae oe Holborn, 
p-m.—) 


at 
“The yep valuation” of ‘Annuity Business” 


Westcott and 


ae. SE, bg ge Bod 1 Kensington Gore, London, 
. Sm “Some Aspects of Agriculture 
a Ritiement | in Peru”, 


INSTITUTION OF ELECTRICAL ENGINEERS, RADIO AND TELECOM- 
MUNICATION SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m.— 
Wr. M. L. Gayford : “High- ality Microphones” ; Dr. F. A. Benson 

and Mr. P. M. Chalmers : ects of Argon Content on the Character- 
- of Neon-Argon Glow-Discharge Reference Tubes” 


Tuesday, March 24 


PaYysioAL Sooctsry, Acousrics Group (in the Physics Department, 


Imperial College, London, 8,W.7), at 2.15 p.m.—Symposium on 
“Recent Studies of Noise Problems”. 


SocIETY OF CHEMICAL INDUSTRY, FINE CHEMICAL GROUP (in the 
chemistry Department, Birkbeck ‘College, Malet Street, London, 


WS. 1), at 4 p.m.-8 p.m.—Exhibition on New Laboratory ‘Apparatus 
and Techniques. 


§oorety OF InStRUMENT TROANOLOGY (at Manson House, Portland 
Place, London, W.1), at 6 p.m.—Dr. R. Conrad: ‘‘New Directions in 
Engineeri ng Psychology”. 


Tuesday, March 24—Thursday, March 26 


INSTITUTION OF NAVAL AROHITROTS (in the Weir Lecture Hall, 
10 ages Belgrave Street, London, S.W.1), at 10.15 a.m. dai ly— 
Spring Meeting. 


Wednesday, March 25 


Brrtise INStTrruTioN OF Ravio EnaingeErs (at the London School 
of Hygiene and srepisel Medicine, Keppel Street, Gower Street, 
London, W.C.1), at 3 p.m. —Symposium on “‘Radio Telemetry”. 


Inermrore or Furt (at the Lastitatlon.. of Civil Bngineers, Great 
George Street, London, 8.W.1), at 5 Hicks: ‘“In- 
vestigational Work carried Sai 3; the oA ery ont Sona 's Scientific 


Control Organization”.* 


UNIVERSITY COLLEGE, DEPARTNER? bn FRAMEAOOLOSY eo the 
Physiology Theitre, Go ower Stre C.1), at 
Dr. Valy Menkin (Temple University, Philadelphia): “The. Role “of 
— in Carcinogenesis”.* 

NSTITUTION OF MECHANICAL ENGINEERS, LUBRICATION GROUP 

at 1 Birdcage Walk, Westminster, London, S.W.1), at 6 p.m.— 
Discussion on “Problems of Lubrication at High Temperatures”. 

SoorrTy OF CHEMICAL INDUSTRY, Foop Group (joint meeting with 
the OS AND FATS GROUP, at 14 Belgrave Square, London, 8.W.1), 
at 6.15 p.m.—Mr. J. G. Gollingwood : “Developments in the Oil 
Milling and Animal Foodstuffs Industry”. 

Ol AND COLOUR CHEMISTS’ ASSOCIATION, LONDON SECTION (at the 
Royal Society of Tropical Medicine and Hygiene, 26 Portland Place, 

mdon, W.1), at 7 p.m.—Dr. ar: “Some Recent Advances 
in Corrosion and Protection Hunaumenten’ 


Baitise PsyoHOLoatcat Soorety, Mepinas SECTION (at the Medical 
tenety of London, 11 Chandos Street, Cavendi sh Square, London, 
Dear at 8.30 p. aban Michael Reed: ‘Communication and the 


ROYAL Socrety OF MEDICINE (at 1 Wimpole Stee. Ree W.1), 
at 8.30 p.m.—Sir John Cockcroft, O.M., F.R.S. : Peaceful Uses 


of Atomic Energy” a Roberts Lecture). 


APPOINTMENTS VACANT 


APPLICATIONS are invited | for the following appointments on or 
fore the dates mentioned 
MATHEMATICAL PAYSICISTS (with a first- or second-class honours 
degree in mathematics or physics), to join a section concerned with 
the assessment of oritianting hazards in the handling and ead 
of fissile materials and to carry out theoretical research i othe 
factors governing criticality and the effects of su upercriticallty ~The 
tment Officer, United Kingdom Atomic Energy Authority, 
Industria! Group Headquarters, Risley, Warrington, Lancashire, 
Moting Ref. 2974/J.14 (March 30). 
ry \TE PROFESSORS IN BALLISTICS (Department of Mathematics 
and Physics); APPLIED CHEMISTRY (Department of Chemistry and 
Metallurgy): ’ Mgoaantos (Department of Civil and Mechanical 
Engine Ting) ; and RADAR AND TELECOMMUNIOATIONS (Department 
of Blectrical’' and Instrument Technology) at the Bo | Military 
of Science, Shrivenham, Berks—The Civil Servi 
17 North Audley Street, London, Wl quattag t. o40/65/9 (Maron 3 31). 
URERS or SENIOR Lecrurers (accordi me te ) age, qualifications 
Sxperience) at the Royal Military Coll pd 
, to teach at University level in oumiae "(two Posts); 
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Pa | (one of Fors 8 Civil Mechanical Hog! necrg Moro pony, Radar 


r gekeernamenatitn a or E 


srat ¢ {ia ts) ‘The Civil Service Commission, 17 North 2 
mdon, W.1, , quoting 8.4 .4947/59/8 (March $1). 

Tiree YY in the eumatism Re- 

ements eee Registrar, The University, Manchester 13 —J 4). 

LECTURER IN RADIOCHEMISTRY IN THE DEPARTMENT OF CHEMISTRY 

of the Faculty of Science—The Registrar, The University, Manchester 


18 (April 4). 
URER The Registrar, 
University ( College of Wales, eT (April 4). 4). 
referably in- 
-Treasurer 


SENIOR LECTURER m experience, and p 
dustrial e: rience) IN By | ines e Secre 
Royal College of Science and Technology, Guage (April 4). 
Assistant Leorurer (Grade III) or BMONSTRATOR IN CHEMICAL 

=. Registrar and Secretary, The University, Bristol 

ir 

ESEAROH BIOCHEMIST (honours graduate, with postgradua 
research experience in the a ical and metabolic aspects of bl. 
oe, especially in the — of nitrogen metabolism) IN 

DDER CONSERVATION SECT? mmonwealth Scientific | 


Industrial Research Organization, "Australia—Mr, E. J 
Scientific Liaison Officer, Aftice ‘ouse, Kingsway, La W.C.2, 
quoting Appointment No. ril 11). 

ASSISTANT LBCTURER, pe ny B (with Senne academic liege of Science 


IN ZooLoay—The Clerk to the Governors, Chelsea College of Science 

and technology, Ma Manresa Road, London, 8. Ww 3 “April 18). rs 
university ‘of N New ew South Wale Wales “Australia—The Agent- “General for 

New Sout: w South Wales, 56-57 Strand, | London, Ww. C.2 3.2 (Australia, April 14). 


Seaetanr or of Oniwenelar Coat “The U a et ease er ril — 
PROFESSOR OF APPLIED PaYsios—The Registrar, It 





niversity Office, 
46 ror one i Durham 1 (April 1 16). 
MerraLicnar. te teach and 


Physical Metallurgy—Th e ‘Registrar, The 
University, "Tiverecol “(April 18). 
1 ROTURERS (2) (Oy et in either pure or applied mathematics) 
TICS— See: of University Court, The University, 
Glasgow (Ap (April 18), 


POST-DOCTORAL RESEAROH FELLOW IN THE DEPARTMENT OF FURL 
TECHNOLOGY AND CHEMICAL ENGINEERING, to direct and carry | 
research on the laws of smoke formation and elimination with all 
ite of fuel—The Registrar, The University, Sheffield (April 18). 

BSRARCH F FaLLOW IN ] MATHEMATIOS, an ASSISTANT IN MATHEMA®ICS, 
‘The Secretary of University Court, 


The ‘Tulversity, ¢ Giaegow "(April 18 18). 
uate training in animal nutrition) 


LEOTURER (graduate, wit stgradus: 
IN ANIMAL HUSBANDRY at the University of Syd poner. As Australia—The 
Secretary, the B mmonwealth, 


Association of Univers 
36 Gordon Square, London, W.C,1 (Australia, April 20), 
IN GEOLOGY— the Secretary of University Court, The 


ba ny! bon na a. 
INIOR LECT ye IN ZooLogy at the University of 


Khartoum—The Se Secretary Inter-University Council for Higher 
Education Overseas, 30 we urn Square, io on, W. 0. 1 (April i} 28). 
RESEARCH OFFI Payst first- 

poi degree in physics, or ceed 3 qualifications, postgraduate 
rience in radiation counter techniques, and thoroughly Aye seman 

a h the physics and construction 0: ionization chambers, propor- 

tional counters, scintillation counters, etc.) IN THE TECHN! ICAL ics 

SROTION, Australian Atomic Energy Commission, to conduct ee 


rs—A.A. 
mdon, W.C.2, quoting «Position R, oC Cpe 


hoe RuskARCH OFFICER (with a degree in m 

pg a _ —- eg of medicine or biol Fro BARO 
degree in medicine or science and eseaneee in either 
biophysics, ‘plochemistry. or tissue culture work) IN THE SECTION OF 
BIOLOGY AND MEDICINE, Australian Atomic Energy Commission, for 
duties which will include work on acute radiation effects and the 
cellular effects of radiation—A.A.E.C., Liaison Officer, Australia 
House, § Strand, London, Ww. C. 2 (April 24). 

NaMICsS—The Registrar, The University, 
Nostonhen Uh hei 30) 


IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN poe 
ISTRY, CHEMISTRY, CHEMOTHERAPY, ENGINEERING, MRETALLURGY, 
PHARMACOLOGY or PHysics—The A emic strar, Unicersity of 
London, Senate House, London, W.C.1 (April 30). 

NationaL COAL Boarp PosrpooToRAL FaLLOW IN PHYSICAL 

HEMISTRY, for research work in ag meee —_— — ud af. = 
by a number of techniques such as mass 

Register, The University, Edgbaston, Birming ham 15 5 (April 30). 30). 

ROFESSOR OF APPLIED Maramuatios at the University of Queens- 
land, Australia—The Secre Association > Universities of the 
British Commonwealth, 36 "Goton Square, London, W.C.1, or 

istrar, University of Queensland, Brisbane, ‘Anatealia (April 30). 

URNER AND NEWALL RESEARCH FELLOW IN ENGINEsRING, IN- 
ORGANIC CHEMISTRY or PHysios—The Academic Registrar, University 
of London, Senate House, Agaden, W.C.1 (April 30) 

ASSISTANT LECTURER IN CHEMISTRY IN THE * OF 
PuHysIoLoGy—The Secreta: Royal Veterinary College (University 
of London), Royal College Street, London, N.W.1. 

ENTOMOLOGIST (B.Se. biology with specialization in entomology) 
in the Ministry of Health, Government of the Northern ion of 
Nigeria, to work on control of Simulium damnosum, the vector fly 
of onchocerciasis—The Director of Recruitment, Colonial Office, 
i. $.W.1, quoting BCD.117/408/027. 

BAD (graduate with extensive experience of British cultural 
ous 3 and experimentation) OF THE ALS BRANCH—The tary, 
National Institute of Agricultural Botany, Huntingdon Road, Cam- 


oeTeAD OF THE PHYSIOS DEPARTMENT—The Headmaster, Campbell 


College, Belfast. 
MASTER TO TEACH Puysics to A level and Masepeasaos to O level 
—tThe Saamener, King’s School, Rochester. 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Sheffield oe Museum. Annual Report for the year ending 31st 
—_ 1958 Pp. 22+4 plates. (Sheffield: The City — 

This is Spartvelé. ~ Leslie Rubin. Pp. 16. (London: Victor 
Gollanez, Ltd., 1959.) 1 {191 

Department "of Scientific and Industrial Research. Food Investi- 
gation. Technical Paper No. 6: Preservation of Fish and Fish Offal for 
Oil and Meal Manufacture. By G. A. Carpenter and June Olley. 
Pp. iv+24. (London: H.M. Stationery Office, 1958.) 1s. 9d. net. [191 

International Wool Secretariat : Department of Education. Shee 
Husbandry at Home and Abroad. (Reprinted from Wool Knowledge. 
Pp. 82. (London : International Wool Secretariat, 1958.) 3s. 6d. [191 

Government of Northern Ireland: Ministry of Agriculture. Leafiet 
No. 71: The Cultivation of Raspberries. Pp. 10. Leaflet No. 76: 
Acarine Tat 4 of oka Pp. 12 Disease in Bees. Pp. 8. Leaflet No. 106: 
Onions and Le Leaflet No. 111: Nutritional Leg Weak- 
ness in Chickens. Pp. 8: Belfast : Ministry of Agriculture, 1958.) [191 

Department of Stientifie and Industrial Research. Memoirs of the 
Geological peaver—sceknet. The Geology of the Midlothian Cosme. 
By W. Tulloch and H. Walton. With contributions by W. Mykur 
and H. E, Wilson. Palneontolo, by R. B. Wilson and M. A. Calver. 
Pp. vii+157+5 plates. (London: H.M. Stationery Office, ~) .) 
21s. net. 

Department of Scientificand Industrial Research : Building Research 
Station. National Building Studies Special Report No. 28: Incentives 
in the Building Indust By Alison Entwistle and W. J. iners. 
Pp. iv+43. (London: H.M. Stationery Office, 1958.) 3s. net. {191 

Department of Scientific and Industrial Research. Notes on D.S.1.R. 
Grants for Graduate Students and Research Workers. Pp. 28. (London: 
H.M. Stationery Office, 1959.) 1s. 9d. net. {191 

English Traditions in East African Education. B y Prof. Eric Lucas. 
(An wg a Lecture delivered at Makerere College, The University 
College o: * eg Pp. ii+22. (London: Oxford University 


Press, 1959.) 3s. 6d. net 
Vegetation Ma mpl A of Afries South of the Tropic of Cancer. Explanatory 


Notes by R. W. Pp. 24+map. (London: Oxford University 
Press, 1959. Published on TPokait of L’Association pour l’Etude Taxo- 
nomigue de la Flore d’Afrique Tropicale with the assistance of 
U.N.E.S.C.O.) 15s. net. [191 
University of Cambridge School of Agriculture Memoirs. No. 30: 
A summary of the papers published by the members of the Staff of the 
Schoo! of Agriculture and its Associated Organisations during the 
= Oct. 1st. 1957—Sept. 30th. 1958. Review Series No. 18: 
search in Poultry Genetics at Cambridge. Pp. 29. (Cambridge: 
School of Agriculture, The University, 1958.) 191 
London and Home Counties Regional Advisory Council for Tech- 
nological Education. Tenth Annual Report 1957-58. Pp. 28. Bulletin 
of Special Courses in Higher Technology including Management 
a and Lenten 1958-59, Part 2: Spring and Summer Terms. 
Pp. 77. 38. (London : ‘London and Home Counties Regional Advisory 
Council for ‘Technological Education, 1958.) [191 
Economic Proceedings of the Royal Dublin Society. Vol. 4, No. 6, 
(October 8, 1958): Population Studies on Cereal Root Eelworm 
Heterodera major (O, Schmidt, 1930.) By J. J. Duggan. Pp. 103-118+ 
plate 17. 4s. Index to Scientific Proceedings of the Royal Dublin 
Society, (New Series), from 1910 to 1949 inclusive, Vols, 12 to 25 
(No. 13}. Pp. 44. (Dublin : Royal Dublin Society, 1958.) {191 
British Medical Bulletin, Vol.15, No.1, (January, 1959): Symposium 
on Haematology. Pp. 1-88 +2 *plates. (London : British Council, 
1959.) 20s. [1s 
Plastics Abstracts, Vol. 1, No. 1 (13 January, 1959.) Pp. 20. (Ab- 
stracts 1-72.) Published weekly. Subscription rates: £25 annually 
including postage or £35 by air-mail. Single copies: 10s8., or 14s. by 
air-mail. (Welwyn: Plastics Investigations, 23 Canonsfield Road, 


9.) 

Air Ministry: Meteorological Office. Averages of Rainfall for 
Great Britain and Northern Ireland 1916-1950. oc v+36. (M. “4 
635.) (London: H.M. Stationery Office, 1958.) 4s. 6d. net. {191 

National Union of Students. Memorandum tc the Committee on 
Grants to Students set up by the Minister of Education and the Secretary 
of State for Scotland, under the chairmanship of Sir Colin Anderson. 
Pp. 28. (London : National Union of Students of the Universities and 
Colleges of England, Wales and Northern Ireland, 1959.) {191 

Ministry of er ture, Fisheries and Food. F ishery Investigations, 
Series 2, Vol. 22, No. 5: Notes on the Biology of the Common Praw n 
Palaemon pk NNER By = ee Cole. Pp. ii+22. ee 
H.M. Statione: hn ons} 1958.) 68. 191 

British Br Corporation. “spotlight on B.B.C. Television. 
Pp. 24. 9d. B. Bt c ngineering Division Monograph No. 22: The 
Engineering Facilities of the B.B.C. Monitoring Service. By C. J. W. 
Hilland H. 8. Bishop. Pp. 16. 5s. (London: British Broadcasting 
Corporation, 1959.) {191 


Other Countries 


Comité International des Poids et Mesures. Procés-Verbaux de® 
Séances, 2° Serie, Tome 26-B. Sessions de 1957 des Comités Con- 
sultatifs: Définition de la Seconde (1'¢ Session); Blectricité (8° 
Session); Définition du Métre (2° Session) ; Photométrie (4e wee. 
Pp. iii+466+xl. (Paris: Gauthier-Villars, 1958.) {19 

Institut pour la Recherche Scientifique en Afrique PE 
Neuviéme Rapport Annuel, 1956. Pp. 340. (Bruxelles: Institut pour 
la Recherche Scientifique en Afrique Centrale, 1958. 191 

Deutsches Museum. Abhandlungen und Berichte, 26 J ng, 
Heft 2: Die Einheit der Wissenschaft uad der Ingeieur. Von Kurt 
Kilgppel. Pp. 42. (Miinchen: Verlag von R. Oldenbourg, ime) 


Publications de l'Institut National pour I’ tude Agronom ~ 
du Congo Belge. Hors Série, 1958: Normes de Main- d’Oeuvre pour 
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les Travaux Agricules au Congo Belge. Pp (Bruxelles : | 
Rational pour l’Etude Agronomique a i, Belge, 1958 Ce 


fran 

Federation of Malaya. Report on Forest Administration for the fond 
1957. By J. 8. Smith. Pp. A a nb plates. (Kuala Lumpur: 
Cee = Printer, 1958.) 2.50 Malayan dollars. {191 

Rubbe earch Institute of Malaya. Annual Report, 396s. Pp. 
93. 3 Malayan dal dollars. Annual Report, 1954. Pp. 93. 3 Malayan 
a (Kuala Lumpur: Rubber Research Institute é Malaya, 

Colony and Protectorate of Kenya. Report of the Forest 
ment for the period 1st July, 1955 to we: peenner, 1957. Pp.ii+64, 
(Nairobi: Government Printer, 1958.) 8 192 

Studia Universitatus Lovanium. Faculté Si Sciences Publica 
No. 6: The a Mountain Garnet Deposit, New York—Structure and 
Petrography. By Paul Bartholome. Pp. 3242 plates. Coop 
Editions de Tate ersite, 1958.) {19 

Indian Institute of "Science, Bangalore. Forty-eighth anna 
Report, 1956-57. Pp. xxvii +286. Descriptive Brochure. 
(Bangalore: Indian Institute of Ronenee. 1957.) 

Bibliography of Papers published by L. Zechmeister and € anit 
in the fields of Chemistry and Biochemistry, 1913-1958. Pp. vii+99. 
(Wien: Springer-Verlag, 1958.) 193 
Report on the Activities of the Danish Atomic Energy Commission 
for the period from 1 April 1957 to 31 March 1958. Pp. 62. (Copen- 
hagen: Danish Atomic Energy Commission, 1958.) 192 

United States Department of Commerce : er Bureau. Tech- 
nical Paper No. 32: Upper-Air Climatology of the United States, 
Part 2: Extremes and Standard Deviations of Average Heights and 
‘Temperatures. By Benjamin Ratner. Pp. iv+140. (Washington, 
D.C.: Government Printing Office, 1958.) 65 cents. 

United States Department of Agriculture. Leaflet No. 440: Irri- 
gation of Field Corn in the West. By J. 8. Robins and H. F. 4g 3 
i Ag (Washington, D.C.: Government Printing Offiee, 1958.) 5 
cents 
Sixth Aa Report of the West African Institute for Oil ie 
Research, 1957-58. Pp. 143. (Benin City: West African — 
for Oil Palm Research. 1958.) 2s. 6d. (19. 

Bulletin of the Florida State Museum, Biological Sciences. Vol. :. 
No. 4: Studies on Fishes of the Family Characidae. No. 16: A New 
Hyphessobrycon from Costa Rica. By James E. Bohlke. Pp. 173-178. 
14 cents. Vol.3, No.5: Amphibians and Reptiles of Southern Florida. 
By William E, Duellman and Albert Schwartz. Pp. 181-324. 1.63 
dollars. (Gainesville, Fla.: Florida State Museum, 1958.) {191 

Observatoire de Paris: Section d’Astrophysique, a Meudon. Cartes 
Synoptiques de la Chromosphére Solaire et Catalogue des Filaments de 
la Couche Superiéure. Vol. 2, Fascicule 2: Années 1948-1949-1950. 
Pp. 135. Vol. 2, Fascicule 3 : *Années 1951-1952-1958-1954. Pp. 146. 
(Meudon : Observatoire de Paris, vraag a’ d Astrophysigue. 1958.) [191 

Toxicology and Applied Pharmacology, V (January, 1959.) 
Pp. iv+1-118. Published bi-monthly. Annual subscription: 18 
dollars; 93s. (New York and London: Academic Press, Inc., 
1959.) {191 

United States Naval Observatory. Circular No. 86: Positions, 
Areas, and Counts of Sunspots, July, 1957. By Irving W. Lindenblad. 
Pp. 11. Cireular No. 87: Positions, Areas, and Counts of Sunspots, 
August, 1957. By Irving W. Lindenblad. Pp. 8. (Washington, D.C, : 
U.S. Naval Observatory, 1958.) 191 

Kungl. Lantbrukshégskolans Annaler. (Annals of the Royal Agri- 
cultural College of Sweden.) Vol. 24. Pp. iv+494. (Uppsala : a 
Lantbrukshdgskolans, 1958.) 

Publications de I’Institut National pour I’) tude deuelll ue 
du Congo Belge. Carte des Sols et de la Vegetation du Congo Be’ 
et du Ruanda—Urundi. 10: Kwango. Sols. B: Vegetation. 
Notice Explicative de la Carte — Sols et de la Vegetation par R. 
Devred, C. Sys et J. M. Berce, Pp. 64. (Bruxelles: Institut National 
pour I’Ktude Agronomique du Congo Belge, 1958.) (261 

Agricultural Aviation, Vol. 1, No.1. Pp. 23. Published 
Subscription rates per year: Europe 24s.: 1,500 Frenc 
United States and Canada 3.50 dollars. (The Hague : 
Agricultural Aviation Centre, le v.d. Boschstraat, 4.) 

Smithsonian Contributiors to Astrophysics. Vol. 8, No. 3: Papers 
on the Solar Constant. Pp. ii+9-24. (Washington, DG. Government 
Printing Office, 1958.) 20 cents. [261 

Bulletin of the Museum of Comparative Zoology at Harvard College. 
Vol. 119, No. 6: Taractes asper and the Systematic Relationships of 
the Steinegeriidae and Trachyberycidae. By ong 7 W. Mead and G. E. 
Maul. Pp. 391-418 (1 plate). Vol. 119, No. 7: Additions to — 
ig peng Mammalian Fauna from Melbourne, Florida. By Cla 

Ray. Pp. 419-452. (Cambridge Mass. : Museum of Compares 
Seater at Harvard College, 1958.) 261 

Bulletin of the American Museum of Natural History. Vol. 116, 
Article 3: North American Caterpillar Hunters of the Genera Calosoma 
and Callisthenes (Coleoptera, Carabidae). By Tatiana Gidaspow. 
Pp. 225-344. (New York: "American Museum of Natural History, 
1959.) 2 dollars. (261 
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THREE-HEAT 
DRYING CABINET 


For 
laboratory glassware, 
paper, cloths etc. 


Specially designed for general 
laboratory use, this cabinet has many 
interesting features— 


* Three removable wire-mesh 
shelves for beakers, flasks, 
measuring cylinders etc. 

* Hinged top giving access 
toa row of seasoned beech rails for 
paper strips, cloths, etc. 

* Convection heating with elements 
protected from water spillage. 

* Three-heat switch with neon 
indicator to control temperature at 
approx. 45°, 60° or 75° C. 

* Overall size: 35” x 20” x 153 
internal working space; 25” x 20” x 15” 
(approximately). 

* Price £18.10.0 (Cat. No. 22/016) 


Please write for full details. 


3B i complete laboratory service 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND 


Branches in London, Manchester and Glasgow. Agents throughout U.K. and all over ‘the world, 





eccliv NATURE 


AUTOMATIC POLISHING MACHINE 


for metallurgical specimens 


New design with novel features 
essential for the modern works 
laboratory 


Please write for details 


R. & J. BECK LTD. 


69/71 Mortimer St. London W.1 
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FOUNDED IN 1869 


THE HAWKSLEY 
MICRO-HAEMATOCRIT 
CENTRIFUGE 


2 = Anew, high- 
; speed centri- 
> fuge specially 
designed to 
give complete 

cell packing in 

five minutes 
using a micro 


quantity of ~ 


4 capillary or 
venous blood, 


eos SS ai ikl coi casdialust acti aoacocas ROCESS 


Your usual supplier of Hawksley products 
will gladly give full details 


HAWKSLEY & SONS LIMITED — 
LONDON, ENGLAND 





Ultra-Violet « Infra-Red Sampling Instruments 


ULTRA-VIOLET ABSORPTION CELLS 
VARIABLE path-length cells for liquids 
FIXED path-length cells for liquids 


KBR EVACUABLE DIE 
for making 13, 15 and 16 mm. Discs 


| 


INFRA-RED ABSORPTION CELLS 
VARIABLE path-length cells for liquids 
FIXED path-length demountable and 
sealed cells for liquids 

MICROCELLS for liquids 

GAS cells in pyrex and metal 








HYDRAULIC 30-TON PRESS 
especially designed for KBr Disc 
Technique 


Rotating Electrode (Solution 
Excitation) Spark Unit 





HIGH-SPEED VIBRATION MILL 
indispensable for KBr 

Disc Technique 

available for 230 volt 50-cycle 
and 110-volt 60-cycle mains 


ROCK-SALT POLISHING KIT 


RIIC Sampling Instruments are marketed by the leading spectrometer 


manufacturers of the world. 


Descriptive literature on application. 


RESEARCH & INDUSTRIAL INSTRUMENTS CoO. 
30 Langton Road, London SW9 _ Telephone: REtiance 6171/3238 


Printed in Great Britain by FisHer, Knicut & Co., Ltp., The 


Press, St. Albans, and published “wh MACMILLAN & Co., 


Gainsborough 1 
at St. Martin’s Street, London, W.C.2, and St. MARTIN’s Press, INC., 175 Fifth Avenue, New York 10, N.Y., U.S.A.—Saturday, March 21, 








